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STUDIEB IN INDIAN BUGARCANES. No. L 
PUNJAB CANES. 

BY 

<!. A. BARBER, Sc. 1)., 

(knuTYmmt iHugarcame. Expert, Madras. 

Introduction. 

The luiiltitude of varieties and complicated synonymy of tlie 
Indian siigarcanes, togetlier with the frequent slight variations in 
the same cane indifferent localities, make a comprehensive study 
of these canes one of peculiar difficulty. It has been deemed advis- 
able to commence with those of an. isolated, more or less circum- 
scribed area. The Punjab sugarcane tract is situated at the north- 
western end of the great submontane cane-growing area of North 
India extending from Assam and Bihar almost to Kashmir. In 
this tract large classes of canes are either ruled out by inclemency 
of climate or represented, by solitary examples, the shortness of 
the period of growth and the incidence of frost being limiting factors. 
We have, tlms, collected in the Punjab the smallest and hardiest 
canes in Didia. They would also appear to he among the most 
primitive, in the world and show marked resemblances to some of 
the wild grasses of tlie genus SaccJiarwm in the same region. The 
study of the Punjab canes has, then, this fmther interest that it 
is admissi])].e to compare, some of the most primitive canes with 
wild forms, in the hope of solving the intei’esting problem of the 
origin of tlie sugarcane, at present found wild in no part of the world. 

The Gurdaspur District of the Punjab has had most attent.ion 
paid to it because of the existence of a Government Farm there 
and a collection of varieties of sugarcane grown on it for the last 
two or three years. This has been a fortunate circumstance, 
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2 STUTJiIES IN INDIAN SUO-AIIGANK.S 

beco.usc it would appeal.' tliat the two (diiei' canes of this disti-ict,, 
the Kuthi and Dhaulu, are the ones w.Ii.ich, most closely resemhh^ 
Saca^iarum spontaneiim, KaM or Kans grass, in the ge.iu'.ral ti.'imd 
of the morphological characters which form th.(^ basis of this papm*. 
vViththeinfloresceiice we shall have nothing to do, as it is extrei.m.‘ly 
rare that these varieties flower, but the st(n.ns a,iid foliage .ha.V(‘ 
received a very careful analysis. I am told that there is a local 
tradition that KafM has arisen from. KaJii. This m.a,y be due eitlier 
to the obvious likeness between the two or to the actual handing 
down through many generations of the story of the selection of some 
form of Kalii with enough sugar content to make it wortli whih' 
to give it intensive cultivation. There is no doubt that Sa.acJiaTum 
spontaMeum (Tamil, Kurivi Naanal) responds very cpiichly to 
cultivation, and this has been demonstrated in the phrnts grown 
at Coimbatore. Furthermore, it is an interesting fact that, whih' 
Dhaulu and Ka>tha are separable by a num.ber of minute differe.nces, 
the specimens of S. spontaneu‘}nt\\\\s> far examined appear sometimes 
to take after one and sometimes after th.e other of these two varie- 
ties of cultivated cane. Thus the stems of the grass arcb some- 
times red and sometimes yellow, sometimes as thick as Kafha or 
extremely thin ; the plants may be prostrate or erect, the leaviss 
narrow or broadish. and t lie leaf sheaths spiny or smooth. Tlio 
circlet of hairs is abundant or nearly alisent ; the buds vary from 
densely hairy to almost glabrous, from small and low down on tlie 
joint, to elongated and very high up, and so forth. This variability 
of the wild form as contrasted with the rigid inheritance of miniit(‘ 
characters by the cultivated types is not difficult to understand. 
While the former is regularly propagated by seed, and is widely 
distributed throughout the different climates a.nd geograpldcal tracts 
of India, the two typical G urdaspur canes liave probably Ixien grown 
in this locality for many centuries, and have always, to all appc>arance, 
been reproduced from cuttings, thus securing the continuance of t ln‘ 
special morphological characters of their first seixlling pa,ren1i. 
All almost exact analogy is met with in the witl and {.uiitivati'd 
peppers of South India. From a detailed study of tlu‘ many vaibv 
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ties present in the pepper topes of the Wynaadj together with, that 
of the whole of the wild forms of the Peninsula, it has been shown 
tJuit nian ;7 of the permanent types of cultivated pepper, such as 
BalmneoUa, KcdlivalU, Cheriahodi, have exact analogues in the 
examples of wuld Pi'per nignmi collected on the Malabar Ghauts.‘ 
There is a common belief that the cultivated pepper has arisen 
from the wild or jnngle pepper of this region, and, what is again 
scriking, it has been shown that, for the production of seed, .it is 
of prime importance that there should he an abundance of open 
anthers, a. fact that is being made, use of in the production of seedling 
i'anes at Ooimbatore. Very few analyses have as yet been made 
of the juice of Saccharimi sfontaneuni, but two seedlings raised 
from tlie same parent gave, on analysis, nearly three and nearly 
five per cent, of sucrose in the juice, besides varying greatly in 
habit and many other particulars. Two other facts may be 
mentioned as bearing upon the close relationship of the cultivated 
forms with Saecharum spontamum. The two classes have been 
proved to bo perfectly fertile inter se and numerous crosses have 
been raised with wild father and ciiltiva.ted mother ; and, secondly, 
among the seedlings of the indigenous Indian canes, there are 
occasional forms which would apj)ear to throw back ’’ to such an 
extent that their similarity to Sacchanmi spontaneim is perfectly 
obvious. Seven such cases were met with in 180 seedlings of 
Naanal raised at Coimbatore in 1912-13, but: it is not certain that 
the arrows of this cane were selfed. 

The full study of the relationship of the Punjab canes with 
those of other parts of India has not yet been made, but it would 
appear that Dhaulu and themselves only differing in various 

small particulars, are connected with two series of canes gradually 
becoming thicker and more divergent as we arrive at better cane- 
growing conditions towards the south-east. Thus, related to 
Katha, wc have Lalri, Kansar, Chin or Ghimnee, BarauJeha and 
SaretJia, this series not apparently extending beyond the western 

1 .Barber, C. A. “ Tho Varieties of Cultivated Pepper.” Bull. Ill, BQ, DejjrMment of 
Agnculktre, Madras, l%(3, 
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parts of tlio United Provinces. From D'hmilu of fhirdaspwr wo 
Favc a mucli more extended series, commencing; with the DhauM oj 
Ludhiana and JuUunder, termed Dkaula oj Phillaur for 
convenience, and passing through B'hauf, Bodi, etc.., to the groat 
Bheora or Mango group, including ma.ny short tliick' canes typicaJly 
present in Bihar. From certain morphological peculiarities it 
seems to me not impossible that this latter group forms a step 
between the indigenous canes of India and some of the thicker, 
cultivated, forms of the tropics, all traces of. whose origin are at 
present, otherwise, lost in obscurity. 

In these speculations it is however only riglit to point out 
that there are several tracts in India in which the desk or indi- 
genous canes have not as yet been studied, h'or iustauce, the 
solitary cane of the Central Provinces that I have seen, Barhai ov 
Barahi, is obviously a cane closely related to Kaiha, which may 
have been brought down, from the Punjab along the ordinary lines 
of migratio.n. Then, there is the Na/rgori group of Biliar winch., 
although evidently primitive, I cannot at present place. Less 
difficulty is likely to be experienced in regard to the occasional 
sporadic desi canes of South India, such, as the Naaml of Madras 
and GMni of Mysore. In no part of India which I have visited is 
the general facies, of the (-.anes of such, a primitive character as in 
the. Punjab, the smaller canes in otlier regions ]>eing rather tlio 
exception than the rule, 

Sharply contrasted with the above hypothesis o.f. the oi*igin of 
the sugarcane in the part of India least suited to its growth, is the 
idea usually in vogue that the cultivated sugarcane arose from some 
wild form, at the head of the Bay of Bengal, i]\ Cochin-Ghma or iu 
the Malay Archipelago". I am not in. .a position to dis(iUBS tlio 
latter regions, nor are there any detailed descriptions of the wild 
Saccharmns there, .But the absence of intermediate stages in 
Bengal between such possibly primit ive canes a.nd i.he tbiok'er ones 

1 II. has been found pomptiriiiivoly (*a.4V <u sepiirafo flic eiuicw ul' any |iiu'f <d' 

India from those inti’odnced from the trupical islands’, (.'am-.s wliieh lie lielvvi’iai llicsi' t.ivu 
classes do not come into coiwidoratiou in this paper. 

2 Do Candolle. Oriffin of eitUimkd planl'!, 
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ill gencnii cultiviition there suggests that, if this were the place 
of origin, the change from wild to cultivated forms took place per 
saUuni, a theory which requires a good deal more to be said for 
it thajs that of a gradual evolution. If, however, such canes were 
brought into ])eing as would repay cultivation in this region, tliey 
woiitl naturally creep along the base of the Himalayas in the sub- 
inontane tract, where soil and moisture conditions would permit 
of the. crop being grown without iiTigation. But, the climate 
becoming constantly less suitable because of increasing cold and a 
shorter vegetative period, the canes would beco»uc iiiiifoxmly 
smallei: aiid more difficult to grow, until, in tlie Punjab, the limiting 
factor of moderately sharp frost would put a stop to further migra- 
ti<,)n and tlie caues would reach the lowest grade. Now such a 
migration is actually taking place every year. It is certainly true 
{ytSfM'dkaimAKmtaraAhQ. latter cane, now found as far as Juilunder 
being, it is said, occasionally wiped out ]>y frost and, after such a 
year as 1908, only slowly reintroduced. A similar case is presented 
by Ah/ug a solitary representative of the Crmwi® canes of the 
group which, reaches its maximum in Bihar. By the long con- 
tiniuince of this interrupted migration wo should ultiina.tcly get 
a series of frost -resistant or senii-frost-resistant canes of small 
size, exactly as we now meet them in the Gurdaspur District. 

Enough detailed iido;rmat.ioii of the distributio.n of tlie desi 
caues of India has not as yet been collected, to favour either of 
these hypotheses to the exclusion of the other, but it is interesting 
to keep the two points of view in mind and it is hoped that, as time 
goes on and more regions are submitted to a careful study, a larger 
mass of facts will render possible a choice between assimiing that 
the Punjab cames are direct descendants of some such form as SaecJia- 
mm S'ponlanemn and have given rise to the better canes of India, 
and that they are degenerate members of groups evolved elsewhere. 


Classes op oanes met with in the pun, jail 

The period during which i have been able to study the Punjab 
ca, lies has unfortunately been short. It consists of three visits, 
between March 1913 and January 1914, to the Government Parm 
at Gurdaspur. A considerable niiinber of canes have been collected 
theri' during the last few years, and these form the basis of the 
descriptions. It is pretty certain however that, as time goes on, 
other forms will be added, and the list of local (?aii(;s iucK'asiid. 
Ifor instance, since my last visit, Mr. Soiitliern luis made tlic 
important discovery that Dliwulu of Gurdaspur is not the cane 
grown under that name in the Jullunder and Ludhiana districts, 
and has sent samples of the latter to Coimbatore for examination. 
Any incompleteness of the list need not however deter one from 
describing those that have been examined, for, in order to detoci; 
such variations in the field, it is importajit that a full description 
of types should be at hand. The portion of the Pimjal) towards 
the United Provinces has not been at all fully oxpioi'ed au,d it is 
in this part that further vaiicties are likely to be found, but wliether 
they are to ])c regarded as Punjab or United Provinces can(5S mu II 
depend on the opinion of the district agricultural ofiie.ers. .1 hav(* 
to record my appreciation of the great interest tiiat Mr. Boutliorn 
lias taken in the purely morphological Mmk vvliiclj I ha\'{^ boon 
attempting to do, and of his lielp in every p()ssi1)le direction. 
Through tire kindness of Mr. Southern and j\1j‘. Barnes, 1 have heeji. 
able to place a certain amoujit of agricultural and chemical informa- 
tion in the first paragraph of the description of ea,cli, cane. I’ln* 
paintings M'ere mostly done on the spot by an artist leJit by t-he 
authorities at Pusa, but a few were added l)y the artisi; o;l‘ the. 
Teaching Botanist at Coimbatore. The latter, whom I have traJued 
myself, was also useful in .making enlarged p('.u n,iid ink sketches 
of my field draMdngs. 1 am responsible for the photograjKhs. In 
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tlie la,ttei' the canes were placed on paper ruled with lines an inch 
apart, while, in the field, a bamboo is to be made out with a mark at 
about 6 feet from the ground. 

The canes described in the present paper may be divided 
into the following classes 

{].) Katlia, Lalri, Kansar. — Thin to moderately thick canes 
with a brown colour largely diffused over the mature stems, heavily 
bloomed and therefore appearing pink or vinous or even violet, 
the brown skin showing strongly at the growth ring because of the 
absence of bloom there. These canes are closely allied to the Chin 
or Cfumnee, Lalri, Saretha of the north-western, portion of the 
United Provinces, but do not seem to have any relations further 
east. They are also represented in the Central Provinces by Bar ha i 
and doubtless others will be found in the elevated regions of the 
Deccan. The circlet of hairs at the node is strongly persistent 
in usually all the joints up the stem, the stems are cylmdrical and 
straight, and the bud is small and rounded or pointed, reaching 
about the base of the growth ring. 

(2) Dhaula and Tereru of Gurdaspiir. — Canes slightly thicker 
than Katha irnd differing from it in a series of minute characters. 
There is n comparative absence of the brown colour, suggesting 
a colour variety. The stems are glaucous green to clear bone 
yellow.' The growth ring is marked, but of a light brown, and the 
circlet of hairs soon disappears entirely as we pass up the stem. 
DJiaulu in G-urdaspur district is grown on better land than Katha 
and is usually irrigated. I have at present met with no cane else- 
where belonging to this primitive class, but it appears to be related 
to the next. 

(3) Dhauhi of Phillaiir. — This cane shows sufficient resem- 
blance to Dhaula of Gurdaspur to warrant the suggestion that it 
has arisen from it. Thin, tall canes of a glaucous green colour, 
with zig-zag joints, a wide root zone and a very indefinite growth 
ring. The leaf scar is descending instead of horizontal as in Katha 
and Dhauhi of Gurdaspiir, the circlet of hairs soon disappears under 
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ilio. bud i)ut is often traceable most of tlie way up at tin* of 

tile node. The bud is small and truncate, does not remdi tiie pjrowtih 
ring and often only covers half the root zuiu'. This cam; app(‘ars to 
be almost identical with Bo&i and Dlmiif of the Meerut division and 
is an elongated, primitive form of the great Mamju group of Ilkeom, 
Hemja, Hurli, Kumar, etc., of the United Provinces and Biiiat.*, 
f have not met with canes of this class in other parts than those 
mentioned, and it probably does not extend into South India, but 
collections are at present incomplete. 

(4) Kanara of Jiillunder. — Bright green, soft canes miurh 

appi’eciated for chewing, often markedly oval in section, and appa- 
rently closely allied to, if not identical with, the Kinar of Meerut. 
Leaves very narrow. The circlet of hairs is constantly piv'sent and 
well deveioped. The bud is small and often squared, and does not 
reach the growdh ring. The latter is well defined. It is interest itig 
to note that this cane appears to be growm in conjunction with 
Dhanlii at Jullunder and, also, that DJiaur-Kinar is a constant 
mixture in Meerut. I am told that Kmiara is occasionally com- 
pletely wiped out by frost and tha,t fresh seed has to be iu]]>urt(.Hl 
from across the Jumna. It seems reasoj].a.ble to iissiimc tlici'efoiA* 
that it is a migrated Meerut cane. 1 have :uot met with this cioie, 
which is primitive in several respects, elsewhere than in tlie ^leerul 
mixture, but there are of the United Provinces canes stil!, t(( 

be examined and it is too soon to speak of its further relationships. 

(5) Kahn. — This cane stands by itself, in tiiat it Ixdojigs to tlu- 
Ganna class as contrasted with the UJcJi canes thus far JuentiofUMl. 
A thick, juicy cane wdth protruding nodes a.nd swadleu ivxJ zoiies. 
The circlet of hairs persists only as a rejunant of few long hairs 
under the bud. The joints are markedly zig-zag and ha,\'(‘ a. wcdl 
defined shape, which Jiiay be called ovat(‘. ea,mpaiiulat(^ in Uh' 
median view’'. The bud is large, ovate, pointed and exiaaids b(‘yi)U(i 
the growdh ring, and there is frequently a cush ion at its base, iiakn 
obviously belongs to the Pansahi class <jf ca-nes, in whicli nia.y la* 
mentioned Dikolian, Ohynia, Yuba, Mane r la aiid Laki. it n!a>" b(‘ 
regarded as a migrant from the south-east. 



Morpholugioal giiajracters used in the desoeiption of the 

PUNJAB CANES,. 

The list of cliaraoters dealt with in the descriptions is pro- 
fessedly far from complete. It is the result of a steady (.'volution 
in the study of the cane during the past year and a half, but omits 
certain characters recently noted. As there appeal'd to be Jiu 
previous work done in this direction, I have had to start from the 
beginning and, as a coiise{.pience, the distinguishing characters have 
liuetuated a good deal in value at different times. Tlie earlier 
canes examined (in the March visit) are, on this account, very in- 
completely described in my notes and the greater part of the des- 
cription depends on the visits of September 1013 and January 1014. 
And it is to be noted that, even now, the stability of the characters 
mentioned is by no means assured. I have, naturally, confined 
myself to characters which would appeal to a b(A>anioal morpho- 
logist, but am fully aware that there are whole classes of field and 
mill characters of systematic importance which I have been cpiite 
unable to touch. Accurate figures for tillering, hardness of rind 
and its dc^taeliability, quantity of hbi’e, and other characters at the 
mill, must be dealt with by officers constantly on the spot ajid in 
charge of the milling operations. 

It was hoped that, by growing canes at Coimbatore, a useful 
series of specimens would be obtainable whereby to check the 
observations made in the Punjab. Unfortunately, it has transpired 
that it is nearly as difficult to grow the North Indian canes on the 
Coimbatore' Cane-breeding Farm as it is to grow thick, tropical 
canes in the Punjab.^ In the former case, moisture and its avail- 
ability in the soil appear to be the limiting factors while, in the. 
latter, frost and the length of the growing period determine the 

1 This diMculty iippcavs, lam happy to state, to have boon uow overcome (Nov> 
ember 1914). 
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ciiaracter of the growbL. The further fact that tla^ haul a.t (!oiu!~ 
hatoro is at present alkaline as I’ega/rds sijga,i.'ea!i(‘ growing .nia\' 
turn out to' he of use, when it is possi1)le to ('xaanine tlie Nortlu'D; 
eanes grown there, in testing the stability of the sonu'wliat tniinite 
ino.L*phological diiterences which form tlie basis of tiu' (hsscriptious. 
The conditions of the two bcalikies cou.ld hanlly (liiTer juore wiihdy, 
and the past year has been one of pronounced drought at Coiuj- 
batore, under iO inches of rain having fallen in tiu' twelve months. 
The descriptions of the cane contained in this paper have this ad- 
vantage, tliat the canes have all been grown at tlie saiuc phu-e 
(Gurdaspur Farm) under identical conditions and examined at the 
same time. I propose now to give a summary description of the 
characters observed as this will save a good deal of repetition and 
malvc the descriptions more easily undei'stood. l^br illustrations of 
the characters 1 would rel’er to the drawings of t.]ie dill’ercnt canes. 



List of characters dealt with. 


GeJSTEEAL EEMAEKS as to distribution ; AGRICULTURAL, AND CHEMI 
- CAL CHARACTERS. 

List oe 


SPECIMENS EXAMINED. 

General characters op 
Cane measurements — 

Dead leaves at six months old. 

Length of cane and of shoot after strijiping these. 

Total length of cane and nuniher of joints at six and ten months. 
Total length divided hy average thickness at middle. 

Length of joints in different parts of the cane. 

Thickness of the cane at various point.s. 

Colour of Cane — 

General. 

Bloom. 

Growth ring, 
lioot zone. 

Blackening. 

Blushing. 

Scar line or hand. 

Ivory markings, splitting. 

Groove markings. 


the variety. 


CiJAltACTERS OF THE JOINT — 

Thickness, ovalness in section. 

Length of mature joint (deducting” top), average longest, 
shortest (basal). 

Shape viewed medially. 

Shape viewed laterally. 

Leaf scar and its ending, Lin, 

Circlet of hairs. 

Groove. 

Boot zone. 

Growth ring. 
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7. BiJi) — 

Hhooliiig, 

8iy;e and Form. 

OrigiiraiidCiiBluon. 

Flaiigos. 1 , I 1 • 

BriBiicB, BaHul palclios and Mijuito l.lack lian>. 

g. Leafy .shoot— 

Goioiii*. 

^ro.vniiiial tuft of l^-avcs. 

Charactej; of loaf cuds. 

Number of terminal joints under 2" long. 

VK IjEAF S H U at m — 

Lengt.h : av(M'agc longest. 

Col.iurinf!, 

Hairs on ba,ck and on edges. 

CUusping stem. 

rropurtiouid width ctf .slicatli and lamina,. 

Jjiguiar proecsse.s. 

Lignlc and Uair.s on its edge. 

10. Lamina— 

Widtii and length, average extreine.s and proi^oidion 
another. 

Gluiunelling, etc. - 
'hrausverse marks. 

Herrature. 

rruportiumil widtli oi midj’ib to lamina, 


(IHAIIAOTERS DEALT WITH. 


1. General remarks as to distribution and agricultural 

AND CHEMICAL CHARACTERS. 

L’^or this section I am indebted to Messrs. Sontlieni and 
Barnes wlio have studied these aspects of the cpiestion on the 
spot. Tlie section is capable of considerable enlargement. This 
is especially so in that I have come to the conclusion that 
there is no character of the sugarcane so stable as that which 
can he observed by a study of the field as a whole, the tillering, 
(‘rectness, form of bunching, fall of leaves, angle of leaves to the 
stem, manner in which the ends of the leaves curve at diiferent 
stao’es, blushing of the leaf sheath and stem on exposure, rooting 
and shooting, and any other marked peculiarity of growth-such are 
characters which can only be noted after a longer field study than 
lias l)een possible. 

2. List of specimens examined. 

This I have considered to be necessary, because it may well 
bo that canes of the same name, found in fresh localities, will differ 
in some, particulars. Such, varieties will be of considerable interest 
as, thereby, we may be able to make a better chain of evolution, 
such as that hinted at in the Introduction, and will be of obvious 
use in testing the validity of the theories advanced regarding the 
origin of the sugarcane, 

3. General characters of the variety. 

This is intended to form a summary of the cane cha.rac.t(‘rs for 
general use. For instance, it may be of value in any doublful 
eas(‘ where an officer is touring and has not the opportunity of 
making a detailed study. 
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cane ineasuremcntH at. prcaoiii. in n. state (n. 
possible to determiiK^. bow niany cani's 
n each case to olitaim a fail' average, 
y inipoj'tant that the specinifeis sliouM 
are, and the method adopted lias Ixhmi to 
mes from various parts througlioiit the 
its taken during the Bcptendier visit were 
loots. This number will probably turn 
In ;January, 20 canes were measured, and 
number will prove ample, for the labour 
making the actual oliservations but in 
As will be seen from, tin' note attached, 
have brought out sonu'. iuteresting 
^ iu dihhrent parts of the 
the field may he divided into two classes, and it 

’ be extended to the men, suremeuts 

bs. The following are tlie numbers and meo,~ 
mt considered to be of. varietal importance:-— 

months old. 

-Tliese com- 
u'iteria as to the rate of 
canes. It is 
of the Punjab 
appear to have been 
conditions of growth are 


confined to six cane s 
out to be insnllicient. 
it is hoped that this 
is excessive, not only in 
working out the averages, 
these measurements of 20 canes 
facts. As regards the length of the joints 

cane, the canes in 1.... 

is possible that this will ultimately bi 
recorded of other parti 
suremeuts at iiresen. ... 

(1) Nimiber oj dead leaves at six 

(2) Length of cane and shoot after striping these, 
biued should, it is anticipated, give some c 
groAVth and rapidity of maturing of the different 
Len that the more typically indigenous form 
mature much more rapidly than such as 
introduced from further cast, where the 

•fa.vonrahle in a longer growing season. 


0. A. BAEBEE 


(4) Total hiujth oj mne (Iwuled by average thichiess at miAdle, 
I -r t. — It is hoped that the figure thus obtained will serve as a sort 
of index to t iie eharaeter of the cane. The tall thin canes charac- 
teristic of the Punjab will, presumably, have a very different figure 
!'r{)m tlie thicker introduced ones . Thus Katha, Dliaulu of Gurdaspifr 
ajid Tereru have index figures 156, 142 and 150, respectively; 
Kanmr has 109 ; Lalri 81, Kanara 85, KaJiu (thicker Garma cane) 
74; Dhaoh; of PhMaur (an elongated jR/?.eom-like cane) 97. 

(5) Length of Joints in (lifferenl parts, — At six months, only six- 
canes were measined, but 20 were measured at ten months, when 
tlie cane was practically mature and growth had ceased. - The 
curves obtained for these measurements have, as already men- 
tioned, led to interesting results which will be further elaborated 
in a special nofe below. 

(6) TJiichness of the cane oA various points, — The method finally 
adopted has been to measure the lowest joint, the middle one and 
the uppermost mature one. Sufficient numbers have not as yet 
been a,ccumulated to draw any general conclusion, but it is probable 
that useful differentiating characters may ultimately be obtained 
from these measurements. The Punjab canes are, generally, 
characterised by considerable uniformity all the way up. 

5. COLOUE OF CANE. 


This has always been recognised as an important differential 
character in canes. In fact, all previous classifications, with which 
l am acquainted, use colour, whether green or yellow, red, 



ash-coloured, striped, etc., for the main divisions. That this 
is unsatisfactory is at once seen from the fact that the same 
stool has been seen with green, red and striped canes on it.^ 
Purtiiermore, the colour of a cane changes very rapidly under dif- 
ferent conditions, the Kaludai Boothan, a glaucous yellow cane of 
Coimbatore, developing a fine claret in Piisa. But colour is, none 
tJie less, an important character, and the canes grown long in any 

* Barbeiy 0. A. “The Origin of New Sugarcaues by ‘ Bvid Variation.’ '\ArfricuUural 
Journal of India, Yol.lj'Pavt IV, Octohev, 1^0^, 
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“ 4 - . .lAfinito tlivt'.H which av(‘ of iis(‘ in rapidly 

^'"‘''’*'*0^*1."^'. Itlo mill. ’ Thus tho D/nmlH oj Phillaxr was at 

::r':ii;ti.uish,.;i m ti... aw„. ph-t m (luniaspu,. y;;yy 

.,,,V l-.sl, the canes being glaue.nis green instea.l ..f lull guni. an i 
this le..l to the interesting .lisenve.ry ivp.n-te.l ahnvethat the Dlm„la 
,j Our, I, mmr is an entirely .lirterent cane from the gmwn 

fLher east in the Punjab, fVlour JS therefore, always eareiull) 

'’“"'inon, is the layer of waxy hairs or scales which is met with 
i„ ,nost ean..s, best 'developcl at the top of the joints and there 
ealled the bnml, but deseending over the jomt to a greate, 

„V Iss (hwre.e and inlUie.neing tl.e general eolouv of the stem. 1 hns, 
ll n tt” shin is green the bloom renders it gloneons green, when 
tUe skin is brown the canes become ting<-.d w.tl. a rnnons or v,ob 
::l.:r accordrng to tbe relative strength of eo onr an , 

a „,.een ste.n without bloom g.ves a grass-green enn ^ 

ne oohm- of th- growth rmj a.m( root M,r (see belov) ,u. a.ls ^ 

n I ir-iet eristic The foriner is rarely bloomed and thus iisnalK 

“-.'''t.": 

‘-aii'Uioc where, the sldn becomes brown at matimt) . u i 
‘Iris' ofterr bloome.l and. usually yellow in tbes,. eanes. beemnes 

as if a layer of soot were spread over the^ joint, 
is due to tbe, grmvth of a superficial fungus on the bloom (kuK ly 
oxamined tor me by Mr. McRae, tbe Madras (lovernmeni .\lye,, lo- 
«Btl This discoloration occurs eldelly at tin- upper parts ol the 
foiut where the bloom is thickest. Incipient blaccening olten 

obscures the normal cane coloration. 

is shown where the eaues are tinged on exiMsurc, 
eu where the leaf sheaths separ.ate and one 'side ol tbe joint is 
visible Tbe Punjab canes differ a good di-al in this cliaracter, 
those of the Katlm alli.anoe hardly showing any eliange. wliile l lic 
Dhaulu. section are readily tinged witli red or violet. This leads 
to a curious paradox. The KnUm. canes are. gliuicons green at si.s 
montlrsold but various shade, s of lirowu or violet when mature. 


ill fact the KatJia earie is classified as a “ red"’ cane. And yet, at 
six moiithsj tlio Dliaulu is a “red ” cane, because of blushing violet 
and the Hatha green because it does not blush. There is another 
form of coloration wliich has been insufficiently studied, namely, 
the tinge taken on by canes after being cut. Dliaulu, and especially 
Kanara, arc seen, after a day or two, to be of brilliant pink red, 
while there is little change in Katha. What relation this change of 
colour in the cut cane has to blushing in the field is nob quite clear, 
for I find that I have not noted blushing in Kanara in the field, 
although Dliaulu readily turns violet. 

Scm' hand and scar line, — These marks are somewhat difficult 
to describe, but in certain canes a sharp, dark-brown hne is seen 
immediately under the scar left by the fallen leaves. This line is 
above the bloom band. In others no definite line is seen, but a 
broader, less defined, greyish or brownish hand, so that the bloom 
layer does not reach the leaf scar at the top of the joint. This 
is one of the differences between Dliaulu of Gurdaspur and Katha 
and would appear to have some connection with the circlet of hairs 
(see below) which is strongly present in the latter and very soon 
disappears in the former. In some examples the scar band is seen 
to be rough with minute hairs, or at any rate puberulous, and it 
maybe that this roughness interferes with the deposit of bloom at 
this place. 

Ivory markings. — This is the name given to the thin dark lines 
seen on the joints of so many canes. Although variable under 
difierent conditions, they are undoubtedly of diagnostic value. 
Sections through the epidermis sliow that these lines are in reality 
small splits and they are frequently accompanied by the formation 
of large, thick-walled cells below, as if placed there to prevent the 
deepening of the split or the entrance of fungus spores. The term 
has been used because of the resemblance of these lines to the mark- 
ings on old ivory, but it is not very satisfactory. The ivory mark- 
ings are often seen, in the Punjab canes, to give rise to visible 
splits in the rind, especially in the younger upper joints, and such 
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splits (lilfoT from the larger, deeper ones o.f otlier eanes. The 
ivory markings diOer as to tluvir position on tlu* joiirfi, ixw 

two main eia,.ss(‘,s of a.rraiigem<*.nt in tin; PnnjnJ) (sim'S, in sonu‘ 
caness, siicli a,s Bhiuhi of (hmJmpur a,n(l Tcirni, (.In' nm-rlcings are 
<*.hi(dly eonfmed to the middle'! of tlnyjoint a,n<l do iiot cross tlu^ bloom 
band ; in others, KafJ(au,ii(\ D/muhf oj PhillaHr, th{‘yare eommoiK'st 
in the U])])or pai‘t of the joint and frecjneiitly cross the bloom liand 
a,s small splits. In a good many canes they are presimt on tlieroot 
zone, especially in lower, older joints. Not nneommonly ivory 
markings a,ppeiir on a certain upper young joint in quantity, 
altliough hardly piesent elsewheia^ on the cane, a,nd it is surprising 
how nniformly this occurs in the dijfercnt caiu'S of a plot. I’he signi- 
ficance of this is not understood. Oas<‘S havi'. been noted where a 
eanc without ivory markings in its normal habitat Imcomes covered 
by them when grown in anotlier place, tlins detracting from their 
value as a morphologi(*al character, and this is partly tlie reason 
why I have taken Dhauhi of Gurdaspwr xind Tereru to be really the 
same variety iindcr different conditions. 

The Groove mmTmgs (see below) are soinetiines of jieculiar 
character. The groove would seem to hold a position witidn the 
leaf-sheath to which minuti^ organisms funl ('asy a(’<!css, but the 
causes of markings there liavc still to be \Aa)r]':cd out. A very 
common marking is a scries of minute I'ounded bodi(‘S, bi’own at 
first but ultimately foriniug a harsh, bhu'k incrustaidon. It may 
be that these bodies are due to punctures liy miti'S, but tliis point 
has not proved easy of (leterinination. Tlu\y arc' uuirki'dly present 
on many samples of Sacoharwm, spontanetDih [Kahl, K(t,v.H grem). 
Another marking is of a red brown colour and, luidi'r the lens, is 
seen to consist of a series of fine parallel lines (.)f a brown red eolour. 
And it is a curious circumstance that thes(; red murks a, re not found 
in canes of the Dhaulu alliance whil<': they are eonstantly juvstmt 
in all Katha canes. No idea has be<‘n fornu'd as to tbeii' ea,use, 

0. (JhARACTERB 01«’ 'I'HE JOIN'!’. 

I have found it convenient to mak(' this pojiuiar tt'rm ('(jiii- 
valent to the Botanical term “ mternod<‘,” tdie portion of 1h<' st('m 
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between two leaf-scars. It is never used as meaning tlie node, 
but includes the bud witb the portion of stem, above it as far as 
the iioxt leaf-scar, 

Thichiess, Ovalness. —The thickness of the cane has already 
been partially dealt with. But the measurements taken for the 
cane in general only deal wit h the comparative thickness in different 
parts, in fact the shape of the cane as a whole. In the earlier 
observations the joint itself was measured by calipers at various 
points, to wit, the leaf-scar, the root zone, the growth ring and the 
middle and top of the joint. But this has now been largely given 
up and, instead, the thickness has been taken in the middle of the joint in 
two directions at right angles to one another. Such measurements 
have demonstrated that the vstem of the sugarcane is constantly 
oval in section, being narrower from side to side (laterally) than 
from back to front (medially). This is doubtless caused by the 
form of the shoot and the distichous arrangement of the leaves. 
But this slight ovalness can be ignored when comparing such canes 
as and for, in the former, it can be seen at a glance 

that the cane is oval, whereas in the latter it requires the careful 
measurements by calipers before this can be determined. Ovalness 
therefore means, in the descriptions, such marked difference in 
the two measurements as can be readily detected by the eye. Canes 
of the same variety vary sometimes a good deal in the tliiclaiess of 
the joints in different parts and, as an index of thickness, the middle 
of the cane has been chosen. At least twenty canes have been 
measured, excepting in the earlier examinations. Ovalness is often 
noted as especially marked at the base of otherwise cylindrical 
canes and, more frequently still, in young swollen joints at the top. 
Such characters are detailed where observed, and it is seen that 
varieties differ a good deal with regard to them. 

Length of mature joint ; average longest and average shortest 
{basal ). — This is not easy to formulate, because it is difficult to 
determine in each case where the mature joints end. For the pur- 
pose of this paper, joints at the top, under two inches in length, 
have been ruled out as immature, while all the basal joints have 
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- 1 T I TIlC IVSIllte iW' tluis l.lio nv.Tiisi'H "t i'*''''''” 

.oiito,,v ox<.<ii,>n 

■Jthe Dhwh, of nmnr disocvoivA after the, last visit to the 

M medially. -~'m. docs not need nnich_ explanation 

qnu. point of view is with the bud in front, and this is tenned t,h. 
,,out of the ioint. the other side, whor^ the bud is absent, ,s t..med 

distinguish them from the canes oi other parts ol Indi.i, ^ 

SUpo Ute,'dhj, that is with the buds in two ^ 

1 loft There .are characteristic thichcnmgs iii the joints ol th , 

™ a«te which are often very slightly developed in the l>unja 
sugaLC.anc thickenings well 

r:;, -Itive dLlopment in dilferont parts of the joint 

helps to distinguish the different canes. 

Leaf-sm- awl ending, iip.-Tlie leaf, when falling does not 
™ine absolutely clear away, but leaves a narrow ndge belli id. 
This’is termed.' the leaf-sm', and is seen to be either > 

when viewed from the side, or descending towards the bud, .ml 
this difference is of considerable importance m eaue c assification. 
w! 0/ naUur is, for instance, at once distinguisl«.d from i 

of Gnnlalfur by this character, the former havmg markedly deseeii<l- 
« Msears 'which are horizontal in the l.atter. Sometimes a 
illrof tie leaf-scar remains iinderthe bud andtl.is isterined 
t JiJ The lip is not usually developed m the. Ihinjab canes bu , 
forms a very marked feature in many otliens. riie ewknr, of Lh, 
eaf-sc,ar, behigthe outer end of the enveloping len I -sheath, is some- 
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ti?)icK inurked. It is not usually met witli in the Punjab Cciiies 
(‘xcept in Kahic but sulEcecl at once to separate Soibabilo at 
(birduspiir, and thus to discover tiie wrong naming of a cane called 
Main, a on the Parin. In the cane mentioned (Sunahile), it is markedly 
deinirrent and dark in colour, forming a sharp line as if drawn by a 
pencil across the leaf-scar at the side. It is, therefore, included 
in the general description of the cane. 

Girdel of hairs. — -I have been led to lay great stress upon the 
presence or absence of these hairs. If a young side shoot of tlie 
cane is carefully examined, it is seen that, when the leaves are torn 
off, a layer of close, parallel, fine, silky hairs is present at each node, 
the hairs arising immediately below the loaf-scar. When, however, 
a thick tropical cane is examined these hairs are rarely observable, 
although occasionally a few may be met with in the basal joints. 
Many of the indigenous Indian canes have these hairs very well 
developed right up the stem, and their j)resence seems to me to hi- 
dicate a primitive stage in development. Their occurrence is pro- 
bably a youth character ” from their constant ];)i-'esence on the 
young side shoots. But the Indian canes vary much in the rela- 
tive persistence of the circlet of hairs. In Katlia and its allies and 
in Kamra they are seen all the way up the stem, while in Dhaidu- 
of Ourdasfwr they soon disappear as we proceed upwards. In 
Dhaidu of Phillaur they disappear at a very early stage from under 
the bud, but are often traceable all the way up at the back of the 
node. In Kaha. on the other hand, they are only preserved as a 
few stiff long hairs under tlie biid. These dilferences are found to 
be fairly constant in any variety or indeed class, the circlet of hairs 
is always studied, and I have come to regard its relative persistence 
as II very important factor in classification. Such circlets or collars 
of hairs a.re often met with in grasses, and the wild Baccharums 
difiei; a, good deal among themselves. Observations on the circlet 
of hairs in ay turn out of considerable value in tracing the origin 
of cultivated canes. 

^r/vioar.— This is the depression on the stem at the base of which 
the bud lies. It varies a good deal in different varieties and is 
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poorly <love.lope<! in the iadigciioim i’unjai) oo,mos. in =*omo .iancs 
it is very strongly developed. 

A>,)Oi! so»c.- i’l)i.s is the region at tlie ha,se (d tlic joint wlienee 
the roots arise in gerniinating oaiics. The ineipie.nt or resting riioi, 
tips arc seen as clear ro.uid dots, and arc otten a.n'a.ngcd ,n regular 
rows one aliovo another, tlic lowest always being tlie largest and 
often the first to emerge. The width of this zone vaiws a good 
deal in different varieties, Dlmulii of Philhtir showing its iikcncss 
to tlie Hhenra group by having a very broad root zone. The shape 
also is often characteristic, in that the thinner Piuij.ab canes geiici a - 
ly liave Hid root zones, even becoming tliinncr downwards, wlide 
K<muM and especially Kahu have protruding zones thickening 
boU-likc downwards. The number, size and arrangement of the 
dots or eyes also vary a good deal. In Sacolmrma 
there, is a single row of widely separated root eyes, m baoohaium 
Bpontaneam we W.ave two or three moderately distinct rows as m 
the case o.E Katha and Dliaulu of Gurdaspiir. 

[ii DIumlii of PhilUur the eyes are two to three, deep, but it 
Is often diffionlt to anangethem in rows, the lower ones being much 
larger and more distinct. Tlie root eyes m Nmmla and its allies 
in Bouth India arc very uumcron.s and minute, as many as six or 
seven rows being so.metimes seem They also vaiy greatly in 
distinctness in diilerent varieties. 

Growth rzw/.— This is the representative of tliat zone, n.ftcn 
swollen, in grasses by whose activity fallen slmots raJS(‘ themselves, 
a zone of permanently active tissue where rapid grfiwtih may take 
place on cither side of the stem, a zone of intercalary meristem. 
That this .function is performed in the cane lianbcscim in almost 
any hold of Katha, Bhauluoic Sardha.awl in maaiy othm* varii'ties, 
for, wherever the cane is ciirv.i.ng, the growth luigs are wuhn*, and 
especially so on the lower suhi of the stem. Ihit I .!iav(‘ met with a 
number of cases where the growth ring does not a,|)])ear to]>e very 
active, especially .in the thicker canes of South India..^ fleiv severe 
oprvaturcs of tlie stem are sometimes due to a, direct bimding 
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of the st(3.T]i above the growth ring. The growth ring i« situated 
iinuiediately above the root zone, at the base of the joint. It is 
usually devoid of biooin (although waxy scales are soinetiines seen 
on it), even when the root zone is covered, and is thus frequently 
marked out hy its colour, as in KatM, Chin, Saretha, Kansar, &c. 
In North Indian canes it usually has d(?j[initc upper and lower 
boundaries, but in Dhaulu of Philhur, it is often difficult to see 
it at ail. This is even more so with Rheora and its allies, and in 
this respect they agree with most of the thick canes of the tropics. 

The grow'th ring is thus of considerable importance in classi- 
fication, and its study has led to the suggestion, that, if the 
tropical canes are derived from indigenous Indian ones, it may be 
along the line of the shorter, thicker, broader-leafed Rheora 
group. 

7. Bud. 

From a study of these in many canes, I have been led to lay 
high value on the character of the bud in classification. This is 
not to be wondered at when it is considered that the bud contains 
the characters of the shoot in embryo, I have had to invent 
various terms for the different parts, some of which may not 
be well chosen, but there has not at present been time for a thorough 
morphological study of the bud. The size, form, point of origin 
and vestiture are the chief ways in which the buds of different 
varieties may be distinguished. 

Shooting, Bursting. — The cause of the shooting or emergence of 
the buds has not been properly studied at present. That it may 
have something to do with free percolation of moisture is suggested 
by the enormous development of this character in canes sent from 
Sainalkota to Pusa, where unaccustomed ease was doubtless 
experienced by the roots in obtaining the water in the soil. But 
different canes vary much in the amount of shooting and, some of 
them in the place where shooting takes place normally. Observa- 
tions on this phenomenon have not at present been possible in the 
canes described in this paper, and the matter has to be much more 
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CiUH-'inOy Btiicliecl before ju,jy cojicIubIoji eiui l.)e a,t iib to tlie 

l>cr?.tKiiience of tlie clia-ractcr iiiub'r (lid'civnt coiiditloiis, 

fkirsHmj is the tenn applied to tlic poirit at whieJi the. apex 
of the bud emerges, ffor deteriuiniiig this it is not aceessaiy for 
the apex to have shot out, for the arraiigcmciit of the bud scales 
and their venation in the resting condition will give the necessary 
indications. As a general rule, elongated buds burst apically, 
whereas rounded or truncated buds emerge from the middle of tli<‘ 
back, or dorsally. There are ail stages between these two and the 
character of bursting is usually more or loss constant, althougl) 
the upper younger joints have more elongated buds, with the 
corresponding change in the point of emergence. 

Size, Form, cte.—Here, again, we meet with great diversity 
among cane varieties, whether Indian or tropical. The buds of 
liaiha and Dhmilu of Gurdaspur are rather small, but they cover 
the root zone and extend upwards to the growth ring. In Dhaidu 
oj FMlkiur, on the other hand, tliey are usually tnmeate and (hj 
not nearly reach the growth, ring because of the broad root zo,n<\ 
In Kalm they are very large and pointed and exte,nd beyond tin* 
growth ring in mo.st joints, while in Kanara they are roimdiai w 
squared and do not reatli the gro\\dh ring, although the root zone 
is not broad. In Fooixm, a thick South Ijidian cane, tin^)- a,i*(‘ v<‘i*y 
small and rounded whik‘ in Kaludai Boothan they are broad 
and large. These and other charai’ters of tlie l)uds ai’e. usually 
fairly constant for tlie variety and it is on<i of the i),n>st 1.^015 ■■ 
veiiieiit characters by which to determine doubtful cane.s at 
the .mill. 

Origin and Omkion . — Tlie buds a rt‘ protect <. m 1 by the base of 
the leaf, termed the leaf-.siieath, a,ud in tin* growing slajots a.re 
completely iudden from the outsid(‘ woild. When tjie ieavcis an^ 
stripped, it is seen that the buds a.i<‘ iisualiy place<i immediateiy 
above tlie leaf-scar aJid often partly eovered l.)y it. In otiu'r eases, 
however, as in Kahn and some upper joints of Dhaidu of Gurdaapur, 
they arise at some Httlc distance, above the .leaf-scar. When this 
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occurs tlierc is sometimes a small area between tiie bud and the 
leaf-soar, more or less sharply marked off by two downward curving 
lines, which is devoid of hairs or root eyes. This is termed the 
cushion, and it is typically developed in the Pansakl group of which 
Kalm is a member. 

Flmujes. — The twm opposing loAvest bracts or bud scales general- 
ly have, on either side, scarious borders Avhich are termed flanges. 
These vary a good deal in differejit varieties. Their point of 
origin varies. In the elongated buds they often arise low down 
and in the circular or truncated buds they usually arise above 
the middle. They are continued, as a frequently dark-coloured 
margin, round the apex of the bud and are there either pointed, 
rounded, truncated or even emarginatc, modifying the shape of the 
bud in this direction. In Narnalu, a thick Coimbatore cane, they 
are produced into a long beaked process beyond the apex, in Kaludai 
Boothan they are very broad at the sides and often auricled, while 
in White Maunthis they are developed into two broad scarious 
wings which are very characteristic. 

Bristles, Basal patches, md Minute hlaoh hairs. — The vestiture 
of the bud is of considerable interest, although the exact honiology 
of the different forms of hairs has not yet been worked out. The 
flanges are more or less coated with stiff, long, straight hairs, often 
projecting to a considerable distance beyond the apex of the bud. 
These are called Bristles. Sometimes there is a marked tuft at the 
base of the flange, at other times the bristles are confined to the 
inner sides or to the edges. 

The sides of the bud below the origin of the flanges have hairs 
of another kind. These, when typically developed, are arranged 
in parallel lines and strongly recall the circlet of hairs, A\dth which 
they are perhaps homologous. They are often white in colour 
and more or less crisped, very delicate and closely pressed to the 
sides of the bud. Their general direction is that of the nerves on 
tlie scales and they not infrequently merge into a series of hairs 
on the veins. fSometimes they are continuous, on the other hand, 
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by miiAii'tt?'’ black Ivairs. 
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[,„„„l i„ the scar l.aiul, inakinR it more dusky in <'olmn. 

8. Leafy SHOOT. 

oi».™.io» ™ a.i. p»« .1 •!'• »”"■ rio,'" 

Ti. «i.», ™»::;-;;,:i:J : 

Ui! trtiro'oU''‘rml ofclier clmraoters of the shoot can only 
."stucliLl in plants in full vigour, ami the opiH.rt.mity has 
vrt occnrld for doing this thoroughly. The hunch ol 
1 vJai: the end of the shoot is usually described under the teiui 

arising on the last ol the shoot. The nuinlier ot leaves rn the 
tenntoaltult is largely de.peu.lent on ^e. rate ol shor e.nu.g ol U e 
end joints in tkc cane, because one Ic^ai is l)(.)riU3 at cacii .iiodt,. * 
corchiioly, the length, s of the end joints ol the .-ane arc entered he , 
down to one-touth of an inch, beyond whir-h it has not liecn louiu 
to go. There is no doubt that rauies vary nmeh in the, miinhc 
^ieaves in the terminal tult, In.t a stiuly of the hgiires ..l,ta.iiied 
' the. caircs six and ten inontl.s old has made me e.auiious as 
generalising. Taking the nnmher ol joints to he passed ruin he 
before a two-iuch length is roaehe.l, it ,s easy to s..e, th, ti c 
L a great manymore in the older eanes In other words, the rat., 

in length o£ the cane is greatly dirniniBhe,l. 
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9. Leaf-sheath. 

It is surprising iiow many characters of classih.catory im- 
portance can be drawn from a study of the leaf-sheath. This 
part is homologous with the bud scales and there too we saw 
that rpiite a number of characters could be made out Avith care- 
ful observation. Some of the characters mentioned below liave 
not been fully studied but they are mentioned in the belief that 
they will ultimately prove useful. 

Leyigth, average longest.— The length of the leaf-sheath, or lower 
sheathing portion of the leaf, varies a good deal iji ditlerent varieties. 
Thus, the sheath in Kahu and its allies is short, rarely exceeding 
10 -11 inches, while that of the Rheora group reaches or even 
exceeds 15 inches. The average length of the sheath has been 
taken of the six canes examined at Gurdaspur six months old. It 
is not possible to do this much later, as the older ones rapidly 
become broken. But this method has the disadvantage that the 
growing period has not ceased and, Avhile it lasts, there seems to be a 
constant tendency towards the increase in length both of sheath 
and lamina. The average longest is therefore added to the figures. 

Colouring, Bloom, Scarious border and edges.—The colouring 
of the leaf-sheath has not been very uniformly noted in the varieties. 
But the Kahu group show characteristic purple blotches, possibly 
due to a special fungus invasion. The fact that certain varieties 
of canes are attacked by special fungus or insect pests is constantly 
borne in on one, and there is a mass of work to be done in this direc- 
tion because such attacks are of obvious classificatory value. The 
markings, lines, blotches on the leaf-sheath are probably a case in 
point. Bloom is often present on the leaf-sheath, but not always, 
and Katha and DJiaulu of G^mlasfur differ in this respect. When 
the sheath is mature and commences to dry up, this usually happens 
along the edges first . There is frequently a discontinuation between 
the lamina and leaf-sheath at the point of junction, the leaf-sheath 
being wider ; and thus the decay of the edges of the leaf-sheath 
is pinbably connected with disuse in no longer passing up water 
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t.G iilio < 11 * wit-Ii ilecay for lack of nutriniciit passing down- 

WiMxlsn '['he (liiTerent kiuds of sugarcane differ reniarkaLIy in tlie 
eu,iiy ap])earauc-e of dried up, scarioa^ border and, idtliougli. 
it is rriosi offcen found in tl.i(5 tlucker tropical canes, it is jiKviiys w(‘jl 
to note. it. Tlio edges^ kistly, of the young ieaf-shcatli sometiines 
;:i:SSiinie clehnite colour. In, Dhaulu the edges soon beco}.ue red 
l>rown v/hile in the Katha family they are more or less light coloured 
and transparent. 

Emrs on hack and on edge.-~mm includes, generally, the vest!- 
ture of the leaf-sheath, tlie inside being smooth and shining. Many 
of the sheaths are well armed with silicious spines variously distri- 
buted over the back ; all have minute hairs between the veins 
behind, so minute in most cases that they are a mere puberulous- 
i^ess, and these hairs are usually black below and wiiite in tlu*. 
upper part of the sheath,. There are tufts of long silky hairs oii 
each side where the sheath joins the huuina. TJie development 
of these varies a good deal and they sometimes extend down the 
edge of the sheath for some distance. Besides this vestitum them 
are various kinds of rouglinesscs wliich. have not been stiulied in 
the .Punjab canes. 

Clasping steyn . — This ,i.*ofers to tlie base of th<‘ leabsheatJi, 
where it is .fixed to the stem. It is so-Ujetimes very wide, ii,s iit 
Kotha. where .it clasps the stem for ojic and a half tiin(.‘s its 
circumference ; in DJiaida, on the other hand, it is proportionately 
narrower and clasps the stem only for one and a C|iiai.‘t(n* times il,s 
circumference. This .is seen in the plates of these two canes. 

Proportional touUh oj sheath and lamina at the point of junction, 
Ligular processes. relative width of lamina and sheath, has 
been found to be of some importance in diagnosis. It is comn'eted 
with the scarious border referred to above, but more espcu'ialb'' with 
t,he ligular processes. As stated above, the sheath, is nsually 
wider tha.!i the lamina. If this excess is greater than 25 pen- 
cent, there is usually un extension upwards of the slnuith a.s a, 
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Hepai’ate ontgro^^H:!!. This is called the LirjuUr process, and often 
occurs on one side only, namely, the inner. The presence or a.bsenee 
of ligular processes, depending as it does on relative width of sheath 
and Jaiuina, is a very nsefnl character, and serves almost of itself 
to divide the Indian canes into sections. Thus, in the Fmisaln 
group ligular processes rarely occur, whereas they are constantly 
present in the Katlia-Cliin group. DJiauki of Gimlaspur may be 
distinguished from Katlia by the absence of the ligular process, 
and so forth. Sometimes the processes attain a very large size and 
are very striking features on the shoot. A recent seedling at Coim- 
batore lias ligular processes over 6J inches long. As to their exact 
morphological value, after careful examination, I have come to 
the conclusion that they may equally well be called “ ligular '' 
and ‘‘ stipular but, because of the comparative absence of the 
latter organs in the Monocotyledons, and the fact that they are 
in direct continuation laterally with the ligules, I have adopted the 
former term. They may, for the present, be considered as lateral 
expansion of the ligule. Thus they have nothing to do with the 
outgrowtdis of Oryza, Eordeim,, etc., which are expansions of the 
base of the lamina, but are practically equivalent to the ligular 
expansions in Ammophila arundinacea, with the middle part remain- 
ing short while the two sides have grown out, and are provided with 
fibrovascular bundles as in that case. 

Ligule, and hairs on its edge—The ligule is the small scale-like 
outgrowth on the ventral side, where the leaf-sheath and lamina 
unite— a constant feature of grass leaves. This varies a good deal 
in its shape and development in the different varieties of canes but 
lack of time has prevented its careful study thus far. Both its 
upper and lower margins are capable of considerable variations in 
outline and, in general, it frequently has a lozenge-shaped wider 
portion between extremely narrow wings. The edges are clothed 
with a delicate fringe of setm, and these again vary a good deal. 
They are usually small and closely arranged, but in Sonabile they 
ai‘(j long a,nd ciliate, while in the Kahu group they are poorly 
developed and frequently disappear early. 
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10. Lamina. 

This part oi tlie cane lias at present been incoinpletely studicui 
and several (d\a!m;tersd since noted, /have not been noted in tlie 
Fiinjab canes. Tlie leaves of the Horth Indian I'anes diy up 
(juickiy towards the end of the season. Those a,t Aligarh liardly 
had a' trace, of green in them in January because of tlie diyness 
of this region, while those at Gurdaspur -^^^ere yellow or sti'aw 
coloured at the same time because of frost. As it was found 
impossible to make comparative observations on the foliage at 
this time of year, a special visit was paid to Nortli India during 
the last rainy season and the chai'acters hero detailed are the. n'sult 
of that visit. 

Width and length, average eMremes, and propartion ol these to 
one another . — The width of the leaf in any variety or in n,ny shoot 
of any variety is not constant. Well grown, speci mens will have 
a vastly different width of leaves from that in a nuMigre liaff starved 
plant. And in the same bush the leaves vary a good deal aianiirling 
to age, the period of gro-wth and the activity of growth at any tinu*. 
This renders the compearison of the width of h'aves diflicult and 
I have merely taken what appeared to me the general width and 
added to it the maximum observed. The same remarlcs apply to 
the length, of the lamina, except that this has been ca,ref ully measured 
in six shoots, to determine the form of curve p.resented by the 
increasing length of leaves from the base, and also to see if any 
relation could be traced between length of leaf and of sheath, and 
thickness of joint. The ’iigures taken have not yet beam studied 
in these directions and are probably too few for any deductions to 
be made. Besides this, there was great difficulty in measuring the 
length of the lamina because the ’tips were so foMpumily injured 
and the lower leaves broken off, and nunuvi.’ous approxiiiiiitions bad 
to be made. For tliese and other J*easo.n.s, I have ejected to talo.^ 
the extreme length and width for each case and, by dividing iJu! 
former by tbc latter, have tried to get an index for tlui leaf, iu 
exactly the same way as was done for the stem. A ic'fcreijce to tin* 
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figures will show that the leaves of the Punjab canes are as a rule 
very narrow, rarely much exceeding one inch, and in KatJ/a, as 
niight l)e expected, falling a good deal short of this. Kahi stands 
out with a width of over 2 inches, a representative of the broader- 
leafed Ganna canes. The index figures range from 59 for KatJia 
to 23 for JfaM, chiefly due to differences in Avidth, as there is no 
very great variation in the length of the leaf in the Punjab 
varieties. 

CJumnelling, ete.— This refers to the way in which the base of 
the lamina is folded. In Ka^ha it forms a well’ defined channel 
at the base, and this is constantly less evident as we proceed to the 
thicker canes. In SacGhaTuni spontaneuni the channelling is a 
marked character. Under this heading might be included the 
character of the leaf edges, they being sometimes straight, some- 
times wavy, or indeed twisted at the base. The vestiture has not 
been studied in these canes but there are many points in it worthy 
of note. This may be referred to in later descriptions. 

Coloiif and tmnsvefse marhs. — Here, again, observations are 
incomplete. The colour of the leaf is often an index to the health 
of the plant, deep green being the sign of abundant nitrogenous 
assimilation. But there are also varietal clift'erences. For instance, 
the leaves of Kailia are more or less grey green or glaucous green and 
rather dark, whereas those of Dhaulu are of a much fresher green 
with lesg bloom. The transverse marks are seen dorsally at the 
base of the lamina on each side of the midrib. The lamina at this 
place is not infrequently bloomed and more or less devoid of the 
green colour of the leaf elsewhere. Sometimes there are patches 
of colour, purples, browns, pinks predominating, but the North 
Indian canes do not show many of these more striking colorations 
and have not attracted much attention as a consequence. 

Serrature of the edge of the leaf. — As is only too well known, the 
edge of the cane leaf is provided with a series of close-set, silicious 
spines, all facing one way and capable of acting like an exceedingly \ 

sharp saw and causing severe cuts on the face and hands. An ^ 
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fittompr. was inado to study this feature., but the work (’anu^. to a 
practicnl standstill }>y tlio discovery tliat, in, any one leaf, the form 
and arrrangenient of the spines varies vntli the part of the h'af in 
which tlKi observation was made. It has now been, decided to ex:" 
amino the hairs at tlie middle of the leaf only. Care must ].ie taken 
to select, a, leaf from which the spines have not been broken, as 
tiiey are sometimes very fragile and the youngest unfolded leaf 
is often found to be most suitable. If still younger loaves are taken 
the hairs ar(‘. undeveloped. There is no doubt that the har.sh- 
ness and persistemee of the spiny hairs on the edges of the leave, s 
of eanos va,ry a great deal in the different varieties, and the matt('r 
will be worked at until some useful method can be evolved of 
putting these differences down. 

Proportimal tmdth of lamim and midrib . — This has at present 
been incompletely studied. It is evident that narrow’^-leafed canes 
such as Kaiha' differ very widely from the others in the relative 
width of the midrib and the lamina, and the Nort.h, Indian cane.s 
as a whole differ almost as mucli from the. thick tropical canes 
met witli further south. The plan adopted has been to hake the 
proportional width of midrib to that of the whole lamina, at the 
base, and at distances of one inch, 6 inches, 12 inches and at the 
\ridest part of the lamina wherever that may be. These obiserva- 
tions have hardly been, commenced, and it is proper to state that 
the. measurements of foliage of the sugarcane generally are only 
here mentioned in order to indicate the lines on which it is proposed 
to work. 

For convenient reference, a summary of the measurements 
of the varieties dealt dvith in this paper is appended (Table I), 
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Note on T.HE LENf4TH of joint in Dlb’FEflEKT I’AUTS OF THE 
SUGARCANE. 

The nieasureiiients of .lengtli of joint given in this pa.p(‘v are 
averages, in each variety, of six canes six months oid aiid twenty 
t 63 n months old. They were taken from the same plots at Gur- 
daspur Farm in September and January, with tlie solitai’y ex(.'eption 
of DJiaiilu where they were taken from different plots. It is unfor- 
tunate that only six canes were measured in the ffrst period, liut 
this w^as due to the fact that the real work of that visit was the 
study of foliage characters and more than six canes could not be 
dealt with in the time at disposal. The number of canes necessary 
for a proper average of each cpiantitative character has not as yet 
been determined. While it is certain that six are not enough 
for relative length of joints, it is hoped that twenty may be ample, 
because the labour, as explained above, is excessive, not only in 
taking the measurements and tabiilatiiig them but in working 
out the averages.* 

Curves were prepared of the averages of the lengths of the 
joints in different parts of the canes. But to prepare proper aver- 
ages turned out to be a very difficult and puzzling matter. The 
following plan was ultimately adopted. The average number of 
joints was obtained and this formed the basis for each variety. 
Then the average lengths were taken of the joints, commencing 
with the lowest, and proceeding upwards until it became evident 
that some of the joints of the shorter canes were no longer mature. 
Then the reverse process was adopted and the lengths were averaged, 
commencing at the top joint, one-tenth of an inch long, and working 
downwards to the mature joints. The actual jimctiou of these 
two curves in the middle was made a matter of eompromisc after 
studying the whole series, but care was taken to make the curve 
as uniform as possible at the point of junction. There are obvious 


' It was not possible to commence the measurements at the very base of each shoot, 
each cane was cut at ground level. There was no earthing up of the canes in the 


■ 



STL'PlEfci .IN INDIAN SUE AROANES 


objtH-t.ion.s to tliiri 1. would to the two son 

of fi<4Ui‘(‘S given inflow for L(flri ('uuos (2) and. (1.5) whicli. ii<t,d, 15 luid 
25 joiiits .rcspoctivoly, A little study 0.1' these series will show that 
there arc very consi<lera,hle difficuitios iu the way of obtaiiiijig au 

average. 

Partly owing to these difficulties, the curves were very carefully 
worked out in di ffei-ent ways, and, at the time, it occurred to 
that they might be published. But the insuffieieiit numlxu' of 
ineasureinonts taken at six inontlis made this inadvisable. In, 
however, comparing the two series it took very little time to note 
that all the varieties agreed in presenting some very curious ano- 
malies. 1 have chosen the Katha curves to illustrate these. 

Lenglh of joint m Katha, 


No> of joint from li 


It is seen that the six months cane starts with. a.n average 
length of joint of i", while the ten months cane starts with, a 2" 
joint. The curve is t.liere.forc higher fi.‘oni the start for the ten 
months canes ; this continues markedly for the first (iiglit joints, 
when th.('. two curves rim more or less parallel ; at the ek'.vcntli 
joint the six months curve passes upwards, crosses tlic otlmr curve 
and continues above it until the 2()th joint when, with a vin'y 
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quick descent, it again crosses tlie ten months curve and finishes. 
Tile latter parts of the two curves differ in that the ten months 
cii?:ve descends in a much more gradual manner. Similarly related 
curves were obtained in all the varieties examined, except Dliaulu, 
l.)ut in this case the two sets of canes came f]‘om different plots 
and the results are not fairly comparable. 

In comparing the curves of these two periods of growth, there 
are three points which require explanation. (1) The terminal 
joints decrease in length much more slowly in the ten months canes, 
(2) there arc comparatively few joints added during the period 
between September and January, and (3) the basal joints are con- 
siderably longer in the older canes and the maximum length is 
much more quickly reached. 

The first point is, I think, easily explained, in that the six 
months canes were growing rapidly, and their end joints showed 
this in marked differences in length. On the other hand, growth 
had ceased in the ten months canes and the joints formed at this 
period remain practically stationary. Such leaves as are formed 
towards this period remain small and stunted, ajid are frequently 
dried up by frost. The figures for the other varieties can be ob- 
tained from the Table of measurements preceding. In this table 
the numbers of joints at the ends, under two ijiches in length, are 
given for each variety at six and ten months, and exactly the 
same phenomenon is to be noted in each case. 

The explanation of the second point is, at first sight, easy 
enough, on the assumption that few joints are added after September. 
But a study of the figures more carefully shows tliat many 
terminal joints in the older canes must be considered new, or we 
have the curious anomaly that the terminal joints actually decrease 
in length with age. A similar difficulty is experienced when trying 
to explain the third point, for if the curves are comparable, it is 
obvious that the basal joints increase in length throughout the 
plant’s growth. Such an increase is, however, hardly possible, 
when one considers the mode of growdh and maturing of the joints 


^, 38 , 


.stu:diks ,snoA;Pv(.!AKEs 


of l,iie the hcUHliiess of tjic rind und the. dejxvKition of vvax;v 

and silicious ineriwtatiojis. 

Thei'e are thus r)bvious diserepaiudes lK‘t\V(‘en i-he two eurvtss. 
Let 11,4 take the ease of Lah'l, where the following arc' the avc'rage 
length, s in i]U‘hc*,s of ,4uceo4sive joints in the six and l,en inonti!,s 
caiie,s :r— 

(a) ,six inontlns, J'6, 2'0, 2‘5. 2*9. 3*3; 3'7,3‘7, 3*9, 3*9, 4*(f, 
4-2, 3*7, 3*3, 3*3, 3*2, 2-0, O*?, 9*4. 0*.l (IS*(I joints). 
(//) ten months, 2'0, 3*7, 4*0, 4*4, 4*3, 4*5, 4*7, 4*1, 4*0, 3*9. 
3-1., 2*2, 1*0, 1*9, 0*(), 9-3, 0*1 (17*2 joints). 

Mere, as in Krit/ia, the basal joints arc' kmger in the ten months 
cane,s, and the inaximnm is more cjuicdMy rc'acdied, theiv, are live 
terminal joints under twm inelios in length in the tc'n months eanc's 
and. only three in, the .six months canes, while', there are even fewc'r 
joints in the older canes than in the y(.)unge,r. An examination of 
idle full set of nreasnrernents M,t ten months lirings out the fact 
that the canes vary a, good deal among themselvc's as regards the* 
length of the joints in different parts. Idle extremes may lx* 
('.xeinplified by the following : — 

Lalrl, CWie No. 2.— 4*5, 4*9, 4*9, 5*0, 4*3, 5*1, 4*8, 3*4, 2*9, 2*4, 
.1*2, r.l, 0*9, 0*r>, 0*2, 0*1 (16joint.s). 

Lalrl, Oaiie No. 15. -0*9, 1*0, 1*0, 0*9, 1*0, 1*5, 1*7, 2*1, 2*7, 
3*2, 3*4, 3‘7, 4*3, 4*0, 4*0, 4*5, 3*2, 3*7, 3*3, 2*4, 1*0, 1*2, 0*7, 0*5, 
9*1 (25 joints). . 

And a further study of tlie wdiole series show^s that the caut'S 
iueQ,sured can be divided into two, practically equal sets, one S(.4 
with canes more or l.es,s similar to Cane No. 2 and the othc'r 
approxima,ting to Cane No. 15. f have cdiosen Kalm for the f\di 
demon, strati on of this peculiarity, ami j'eproduce the full set of 
measurement, s of the lengths of the joints a,t ten months (Table 11). 
Tlie 20 canes have, Inywever, been .separated into two s^ifies, tlu^ 
first commencing with long joints and qiiickiy attaining the maxi - 
Ilium, nsnally also with fewer joints as in Cane No. 2 of Lalri, and 
the second commencing with short joints and slowly attaining the 



niaximiiin and usually with many joints as in Cane No. 15 of LalrL 
One of tlie Kahn canes, No. 6, is abnormal in that it combines, so 
to speak superposed, the characters of the two series, and accord- 
ingly has two maxima. Because of the longer basal joints, I have 
included it in Series f, although its proper place should undoubtedly 
have been between the two series. 

These two series exhibit in an exaggerated form the differences, 
noted above, between the earlier joints of the six months and ten 
months canes (shown in the Katha curves). Now a study of the 
measurements of the whole of the six months canes shows that they 
usually belong to the second s erics, the lower joints being 
moderately short and gradually inci'easing in length up the stem. 
The canes of the first series are practically absent in the six 
months crop and the suggestion is natural that the canes of this 

series are unrepresented there or very slightly so, are, in fact, new 

formations, late-formed canes which had not reached sufficient 
size to be measured as mature canes in September. 
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If this interpretation is correct the discrepancies in the six 
and ten months curves disappear. The longer basal joints in the 
ten months curve are due to the inclusion of a large number of 
late-fo!‘mecl shoots with this character, and the comparatively small 
increase in the number of joints in the ten months canes is due to 
these late-formed canes having comparatively few joints. It has 
been noted in the field that the canes in September are nearly, if 
not quite, as high, on the average, as in January, and this can also 
be explained by the inclusion in January of a large number of late- 
formed canes wdiich are shorter than the others. There are, on the 
other hand, probably a considerably larger number of mature canes 
in each clump, and therefore a heavier crop. 

It is quite possible that the relative proportion of these late - 
formed canes will be found to differ in the various kinds of cane 
grown. In fact, there are some indications that this is the case. 
From an examination of the individual measurements taken at ten 
months we find that Lalri, Kansar, and Kahu, the three thickest 
canes, have, each of them, ten few-jointed canes with long basal 
joints out of the twenty. Blimilu of Oiirdas'imr has six (?), Katlia 
seven and Kanara four. This seems to indicate a different mode of 
growth in the three first varieties, apparently in the direction of a 
less raj)id early development, which may turn out to be of diagnostic 
as well as of agricultural value. No data are available as to the 
chemical properties of the two series of canes, but it would be 
worth while to make some observations on the point. With regard 
to their other characteristics, Lalri and Kahu Imve been selected 
and the results of an analysis are shown in the table appended. 
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Table III. 

at rhmactar. of ll'e Iwo Ms of ernes h, Kahn and Lalriten namlhs 


crop ft. 


ill ij 

1 1 

11 

O 1 

1 

1 IJ 1 

■+>. 

§b 

d. 

' pS 

1 ■ 

.3 

; 

*0^ 

Thiclmess of mature joint in 
decimals of an inch (late- 
j ra,l+ medial). l 

1 1 . ' y ' 

^3 S 
a 

”0 

! a I 1 ' 

1 1 

llv/ 

1 

Av. leng 
joint. 

11^ 

13a. 

1 . s a 

i 

1 Base. 1 Middle. 1 Top. 

1 

as T! ’a 
tr'r§ S 
§ ‘t a 

M;. 


Kaliii, 


Whole 20 cane,-. , 21 -o , oTril’ | j 

2-7" 

4-7" i 

^ I 

■ ' 1 

7.'»-h70 ] 

70+78 

72+70 

Scries (I) 10 1 

canes ■ . 1 i ol-i j 

:{-4" 


fi 

72'+ 7:5 

71 +74 

07 + 71 

Serk.s(n)in 1 1 .1 

canes . . ’ ' 

i-ir 

.f-r" 

0 

i 77 1-78 

80 + 8:) 

70 + 89 


La hi. 


Whole 20 canes ■ 

17-2 ; .7()-0" j 

a -9" 

2-9'' 

5-2" 1 


51+54 

544-5(5 j 

.54 + 50 

91 

Serie.s(l)lO 

eaiies • • ■ 

' I i 

1.5-1 ,40-4' j 

4 •:)” 

i 



50 + 52 

.52+55 

.52-1-50 

87 

Series (IT) 10 j 

ca ne.s . . i 

19-5 j 5:)-7" 

.r 

j 2 -:r 

j 4-7" 

- 

5:1 + 50 

55+58 

.55+5(5 

95 

_ 


ITicse ligiii'es axe A’ery remarkable in their iimforniity, those 
Eor the wholi! series of 20 being in every case the mean between 
those of Series (I) and Series (11). From a careful study oE the 
table it .aijpesirs that the canes of Series (I) have fewer joints. Init 
louver ones, especially at the base, and are tliiimer and shorter 
canes They have tlniB considerably less cubical content, and the 
variety wth a larger proportion of them will presumably produce 
a'smailer crop, other things being eciiial We have seen reason for 
Assuming that they are late-formed shoots. But it is seen that they 
are thin and therefore have nothing to do with -^water-shoots’’ 
or “ gourmand! sers ’’-—those thicks long-jojnted late-formed shoots, 
so typical of certain varieties and conditions. Thesci watei'-slioots 
are characterised by enormous thickness, extremely rapid growtli, 
much water and little or no sugar content, so that they are \'alu('- 
iess from the crop point of view. 
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Botaiiically, tlie peculiar mode of growth of the late-formed 
shoot.s is not difficult to understand. The shoots first formed in 
the cane appear at a time wlien the plant is small, with hinitcd 
ioliage and root mass. Their joints are, naturally, sliort at first and 
only gradually increase in length up the stem, for the growing 
power is limited. A greater production of leaves and roots is desir- 
ables and these can only arise at the nodes and, the shorter the 
joints, the mo]*e codes are available. Later on, when there is full 
vigoin.‘ of growth, wdth a dense mass of leaves and a great root 
system, the new^ shoots will grow more rapidly, fewer leaves and 
roots are needed and the joints wfill consec|uently be longer. From 
another point of view', the thinness of these late-formed canes is 
of interest, for thinness combined wuth elongation of joints is a 
character usually exliibited by shoots or plants grooving in the 
shade. The late-formed shoots, heavily overshadow'ed by the mass 
of cane leaves above them, will naturally strive upw^ards after the 
light. In all probability, these two factors, of more pow^erful 
grow'th and stifving after light, both have tlieii’ influence in 
determining the mode of growth of the later formed cane shoots. 
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KATHA. 


1. Geneeal remaeks as to distribution and agricultural 

AND CHEMICAL CHARACTERS. 

A. The most universally grown of any variety in tlie 
Province. It is found (1) extensively grown under hamni 
(rainfed) conditions in submontane tracts, where the rainfall, 
although moderate, is insufficient for other kinds, 

(2) under well and canal irrigation in submontane tracts 
slightly further removed from the hills, 

(3) in low lands along river and canal banks and on the 
borders of swani23s, where the absence of drainage prevents other 
varieties from growing. In these localities mh is generally made, 
as the crop never properly ripens, 

(4) in the Canal Colonies in the southern districts of the 
Province, as it withstands the hot, dry climate better, than the 
other varieties. 

A thin, reddish cane, very hardy and with great tillering powers, 
capable of withstanding considerable drought, flooding and, to a 
less extent, frost. KatJia, sometimes called Chan, ripens earlier 
than any other variety. The leaves are very persistent and it is 
consequently a difficult cane to strip. The rind is hard and the 
cane is therefore not used for chewing. The juice is not of a good 
colour but is much liked for drinking. It is said to be more whole- 
some than that of Bliaiilu as the latter, although of a nice, white 
colour, produces an excess of sahva after drinldng. The juice is 
small in quantity compared with the other varieties but contains 
a good percentage of sugar. The is said to keep better than 
that of the other local canes. It is said to have arisen from the 
wild Kahi grass which grows in swampy lands of the submontane 
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tracts. A good crop yields 30 inannds of giir per acre. (The. riud 

of tills variety is much valued for its strciigtli, and, wlieii citisIkm! # 

in i'Am wooden helm mill, is used extensively for mats, cordagi' lor 

mliotes, etc., esjieGi ally around Jullunder. The word Kalhn means 

red. Height at 6 months 7-8 feet; at 10 months S-9 feet at the 

CTiirdaspur Farm. Erect, in bunches, often falling where irrigated. 

Sometimes tied in cocks or otherwise supported. The older leaves 
stand out rather markedly from the stem and are widely separated. 

The variety is a good deal attacked by smut and an agaric {Fames % 

hfcidus according to Dr. Butler) was found growing ratlier profusely 
in some parts of the field at liarvest. Rooting was seen on the 
lowest four joints and shooting was not a marked eharac'ter in the 

field. C. A.'b.). 

B. A hM'dy (mie yi ekling s/iaMar on good soil Tlie variety * 

is classified as frost-resistant on the results of the last tliri'c years 
experiments. The average composition of the jujee (average of 
the last three years) is : — 

Month. Sucroao % 

November ,. .. .. I2'7r> 

December . . . . . . J f)-:]!! 

January . . . . . . ] 54<) 

February .. .. .. i .l(r4S 



It is fully ripe about tlie beginniug of February. Tdie (///r or 
shakkar made from various specimens of the variety yielded e. 
sucrose content from 56’72 to 73‘64 per cent. 

(The details of sections A and B have been kindly providiMl b}' 
Messrs. Southern and Barnes respectively). 



2. List of specimens examined. 

Yonng canes, 6 months old. 

{a) Gurdaspur, September 1913. Irrigated, on the farm 
lands ; 18 canes examined, tlie foliage measiirful and 
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(c) Lyallpiir, September 1913. Irrigated farm crop. Tlie 
field photographed for habit. It is to be noted that 
the leaves were remarkably narrow. 

Mature canes, 10 months old and veadij for reaping. 

(h) Cliirdaspiir, January 1914. The same irrigated farm 
plot ; 25 canes examined of which 20 were measured. 
Ganes drawn, painted and photographed to scale; 
field photographed. 

Canes about 12 months old. 

{d) Jullimder, 10th March 1913. Irrigated ryot’s field, being 
milled in the '' Belna ” ; 6 canes examined, drawn and 
photographed to scale. 

(e) Gurdaspiir, 13th March 1913, Eainfed canes from 
neighbouring villages ; 6 canes examined, photo- 

graphed to scale. 

(/) Harchowal, 15th March 1913. Ryot’s field ; 6 canes 
examined and photographed to scale. 

3. General characters of the variety. 

The Katha cane is thin, straight -sided and without prominent 
nodes. It is glaucous green to brown yellow at six months but 
turns brown or vinous towards crop time. There are characteristic 
red brown marks in the groove and it is affected by smut. Ivory 
markings are present but not abundant, usually in the upper part 
of the joint and often passing through the bloom band. The gro^vth 
ring is distinct, becoming dark brown in old joints. The circlet 
of hairs is more or less persistent all the way up and there is usually 
a distinct scar band. The buds are moderately small, rounded and 
bursting more or less dorsally. They reach the growth ring and 
are not verv well provided with hairs ; minute black hairs are not 
usual on them. The leaves stand out well from the stem and are 
narrow and grass-like ; the young leaves are sharply bent at the 
tips, but soon become broadly curved. The lamina is distinctly 
uhamielled at the base and the midrib comparatively mde there. 
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The leaf-slieatli is glabrous, embraces the shoot broadly and lias 
light <X)loured edges, Ligularr processes are well developed, dtliough 
they may be very long or almost absent in leaves of the same 

shoot,. , 

4. Cane measurements. 

Dead leaves at six months old. — The six mouths old canes had 
oil an average 13-14 dead leaves, none of which had fallen from the 
stem. These canes were in full vigour, with good leafy shoots* 
It was found that the canes at crop time did not offer any chance 
of examining the foliage characters, and this was the reason for tlie 
special study of the six months canes. The leaves of the older 
canes were mostly dead, although still clinging to the stem and a 
small tuft of yellowish or brown leaves was left at the top, <juite 
unfit for general study. This applies to all the varieties. 

Length of six months canes after striqqnng dead leaves.- Tlu! 

canes averaged 4' 1" and the shoots 5' 5" long. 

Total length of cane and nximher of joints at six and ten rnonths, 
(a) 6 months old canes 57*2", including 21* tJ joints. 

(h) 10 months old canes 62*4", with 22*6 joints. 

Total length of striffed cam divided by average thickness at the ndddle, 
UL 

(a) 129, (b) 156. 

From these figures it will be seen that the growth of the cane 
after tlie end of September is not very great. 

Length of joints in different parts of the cane in inches, 

(а) average of 6 canes : 1*0, 1*2, 1*6, 2*0, 2*3, 2*8, 3*2, 4*0, 

4*0, 4*0, 3*6, 4*1, 3*6, 3*8, 3*6, 4*0, 4*1, 3*5, 2*2, 0*8 

0*3, 0*1. 

(б) average of 20 canes: 2*0, 2*9, 3*3, 3*7, 3*8, 4*0, 4*5, 

4*3, 4*4, 4*3, 3*6, 3*4, 3*2, 3*3, 3*1, 2*7, 2*2, 1*7, 1*3, 
. 0*9, 0*5, 0*2, 0*1. 

An examination of these digurcs shows tliat the lower joints 
of the older canes are generally longer than those, of the 
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younger canes, suggesting tliatgrowtli in lengtli takes place at the 
base of the cane. There is, however, another explanation which 
has already been given in a special note. It is also evident that tlie 
terminal joints of the younger canes decrease much more quickly 
in length than in the older ; this is taken as showing that growtli 
lias largely ceased at tliis part of the cane. 

Tli/ichness of the cane at various 'points.—-OiiQ of the characters 
of Kaiha is that the joints are of fairly uniform thiclmess all the 
way up. Measurements were taken in the 10 months old canes 
at the base, in the middle and at the uppermost mature joint, 
as follows : — ^Base 0*40'', middle 0*39'', top 0*41", differences quite 
within the range of personal error. 

5. Colour of oane. 

As already mentioned, the six months old canes of Katha are 
glaucous green to brown yellow. There is hardly a trace of the 
rich brown colouring which later forms so marked a character 
of the cane. The ten months canes are apple green in the young, 
covered joints of the shoot, becoming glaucous green or yellow 
with pinldsh dots and patches lower down. But when fully 
formed, besides greens and yellows, the joints show a prevailing 
violet or vinous brown which is very strildng. This colour is 
caused by a rich brown skin under the bloom and, where the 
bloom is rubbed off, the cane often shows a fine brown colour. 

The Bloom hand is distinct at the top of the cane but becomes 
dulled lower down. Bloom descends over the joint, changing the 
green colour of young joints to glaucous green and the dark brown 
skin of older parts to pinldsh brown or vdolet. 

The root zone in the young canes is covered with bloom and 
cream coloured in the younger joints, becoming bone yellow. 

The growth ring is green in the younger joints but soon becomes 
brownish. Later on the brown deepens, often first at the upper 
and lower edges of the ring, until it is a rich dark brown. The 
growth ring has no bloom, and its colour in old joints is similar to 
that of the skin beneath the bloom layer. 
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Bhir^hi/iiff 0 ^ t\w exposure does not n/ppt'arto i)e eonunon 

in Kalita, but young canes take on a faint pink coloui' wluni (‘ui-, 
nixi. older ones become nioi’eor less ri^d in time. 

Jilax-hming not marked but is occasionally s<H‘n in old caiu's. 

The Groove has black incrustations of small roniuhxl l)odi(‘s 
and red brown mai'ks made up of fine, parallel lines. 

Ivory markings are nsvially present but not in great (puintity, 
being chiefly confined to the upper parts of joints and sometimes 
passing through the bloom band. They are seen not iiifnapiently 
to change to splits and are present in the older root, zones. In the 
young, upper parts of mature cjiiies, the markings bei'onu' mor<‘ 
abundant and here take on the character of those in Dhaiihi, long 
close parallel lines in tlie middle or upper thii“d of tbe joint. Alost' 
canes seem to have one young joint marked in ibis curious way. 

SjjUtting is not infriupiently met with and these s])lits obviously 
arise fi'om the ivory markings in most cases. There i.s a scar hand 
rather than a scar line in KafJia. 

6. Character, op the joint. 

Thickness, ovalness in section. — Katlia is the thinnest cane in 
the Punjab and perhaps in India. Quite a number of specimens 
of Saccharum sfontanemn have been met with which were thicker. 
But it is to be noted that the canes at Gurdaspur appear to be 
rather thinner than usual, and 1 am told that Katha l.a'conu^s much 
thicker eastward around Jullunder and Ludliiana, The following 
measurements were taken in the middle of the canes examined: — 

[a) of 18 canes six months old, average 0-4S". 

(?>) of 20 canes ten months old, average 0-40" (0';h)"4-0-47")- 

{d) of 0 canes, thickest 0-51", thiuiiest (l'42". 

(c) of 6 cancs, thickest 0-44", thinnest 0*34". 

(/) of 6 canes, thickest 0*45", thinnest 0*35". 

The canes in Katlm are seen to be well under liaH an inch in 
diameter. 




AN7'(?giird,so(wiHm, t.lieyarer(.m.,ri ii 

‘ I^ab y cylindrical, tlio o^-al- 
(wloff, late, »1 + medial;— ■■ '^^'"'^loped as i« seen 

(i) Bottom of ca,ie 0-40" + 0'42" 

Middle of cane 0-40'' 4.0- 4 

Top mature joint 0 - 41 '^ + 0 - 42 'v 

(d) niicke.st cane 0‘51"-f kr- 

(e) Thicke.^ „ + 

(/) Thickest „ 0-45” + 0-47»\ ““'^^ ” 0-34'' + 0-33''. 

r n , + ’ .tt'nnest „ 0-35"4.o-37» 

L,’ngth of nmure joints top , . 

(«) of 6 eane.s the average mature •' ' ^ 

longest 4 - 5 ", average basal 1°^ 

(h) of 20 canes the average matuTA • • ' 

„ »«.! ""S' 

(/) Do. 4 to 7" long, 

Shafe viewed msdM^^ 7" long, 

leaf -scar, then at the jimction of th^ root "*"’***^ ‘Uckest at the 
or at the bloom band. The middle of the 'T- ““S 

and the general shape is therefore biconcar^n tWnner, 

are so small that the joints may be describh difeences 
sided. '‘^P^'acticaily Straight- 

'S/iape tdey?vedJvvieraIdj^.~~Th.e 

parts of the joint are as in the median vi^ different 

times a slight tendency towards a bulge hel!rV f“* ®°“8- 

met with in other canes, and this gives n «|- 'i . “““waly 

cavo-convexity. ' ®PPsarance of con- 

The leaf-sear is practically horizontal and the. • 
a well marked lip under the bud. Soraetin . usually 

short lip has been noted. The end of the i t 
decurrent. “ >iot markedly 

The oirclet of hairs is usually persistent right uu the r , 
is composed of .short parallel hairs. • P *"0 ®*o®i and 
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The groom varies a good deal, being present, indicated or 
entirely absent. When seen it is not usually deep, but intiiei: a 
flattened region. Tbe black incrustations and red brown i mai'kB 
have been referred to already. 

The foot zone is moderately narrow, not protruding, except 
sometimes in the lower, older joints. It has a distinct tendency 
to narrow downwards, making the growth ring look thicker than 
it really is. There are two or three rows of indistinct eyes, often 
tubercled when old, occasionally ivory markings cross the eyes 
in the older joints. 

The growth ring is moderately broad and clearly marked with, 
definite upper and lower boundaries. This ring is one of tlie most 
strildng characters of the cane, and has been already dr'scriJied, 
as regards its colour. 

7. Bud. 

Shooting is not well developed in Kathii. 

Bursting is usually more or less dorsal, tlu', apex of the bud 
being either in the middle or between the middle and tlve top. 

The buds are small and flat, generally reaching the growth 
ring; rounded, almost circular, sometimes emarginato at tlu' top 
because of the flanges. 

They arise at the leaf-scar and there is no mshion. 

The flanges arise about the middle and extend ])roa(lly I'oiind 
the apex. They are sometimes emarginatc^ or truncated above 
and of a dark brown colour. 

Bristles are usually sparse, but present round the upper iiiargin ; 
hasal patches are better developed, sometimes of white' pa rail ('1 
hairs and sometimes felt-like. 




Minute hlacJc hairs are not characteristic, and are ofte'n eibsent 

8. Leafy shoot. 

Colour, dark, slightly bluish, green. 

There are 5-6 leaves in the terminal tuft (borin' on tlu' to]) 2" 
of the visible shoot). 
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* The leaf ends aie erect at first, but soou become bent at a sharp 
iuigle. Later on they are broadly curved. 

The uuwheY of temino/l 'joints undef 2" is three in the six months 
canes, and six in the ten months. 

(а) 2-2", 0-8", 0*3", 0*1". 

(б) 2-2", 1*7", 1-3", 0*9", 0-5", 0*2", 0*1". 

9. Leas' sheath. 

Length ; average longest. — Average of the six canes in inches 
5-7, 7-3,' 7-0, 7-7, 8-0, 8*2, 8*8, 9% 9-7, 10-3, 10-7, 11*2, li'O, lO'S, 
10*5, 10*2, 9-8, 10-0, 9-8, 9*9 (8*9, 5-9, LI, 0*2). 

The longest sheaths were 10-7, 12, 12, 12, 10, 1L2, averaging 
•1L3. 

Very slightly bloomed. Turning light clear brown when just 
dead in the six months canes, thus differing markedly from Bhaulii 
.(q. V.). Not blushing red on exposure in the fcen months canes, 
and here also differing from Dlmuki. The scarious border of the 
leaf-sheaths does not appear early, and the edges of the young 
sheaths are light coloured, and not red brown as in Dhaulu. 

Glabrous, without spines ; hairs between the veins behind 
minute, puberulous, hardly distinct under the lens. 

Base of leaf -sheath clasping the stem rather widely, and 
passing one and a half times round the circumference. 

Proportion of base of lamina to top of sheath O' 55 : 0-76.— In 
three other cases the proportions were 8 : 12, 8 : 12, and 7‘5 : 11, thus 
leaving room for ligular processes. 

Ligular processes short, tooth-like, or long and narinw, usually 
on one side only. 

Ligule rather narrow, widening in the middle and with minute 
hairs on the edge. 

10. Lamina. 

Width. —Very narrow, usually about 0*6", but occasionally 
reaching 0*8". 
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LeMiflh, iivcragc of 0 bix moutJis cuuob ; — 

2'8", 2'I0", 2M]/', 3'2",, :Yl'\ 3'S)", 3'9", 

;V8^ 3'5", S'O", 3'8", 3'!)", 3'5", 

Tile iongeat laniinaB in tlic aix eaneB were *V9'\ lT I/', 4''!/'', 4'2''5 
3'(TVS'1]/', averaging 3' 11". 

Proportion of length to width 5S'S to 1. 

Markedly at tlie ba 

Transverse marhs yeiiowisli green, becoming darker btvlow ; 
vei'v slightly bloomed. Serratwre strong, persistent. 

Proportion of midrib 1", 33 : 100. at 6", 27: 100, 

at 12", 16 : 100. 

DESC'EIPTION OF PLATE. 

Katha. 

1, J\lidd1c and 2, top of a ten months cane. The growth rings 
become darker Irrown as tlie joints mature ; tlie circlets of hairs 
arc distinct and persistent ; in thes middle of 2 there is oiui young 
joint with many ivory juarkings. 

3. The upper part of a six months cane, showing the base* of 
the sheath clasping the stem widely, and well nuuked ligular 
process. 

4. Lamina and sheath at the point of junction ; tlu* la.mina 
is sharply infolded and there is a well inarked liguLir prcKU'-ss on one 
side. The ligule is seen at the point of junction. 

5. Part of the ligule with a fringe of minute liaii’s on its iMige, 

6. Node of a six juonths cane with circlet of hairs and small 
bud reaching the well jnarked growth ring. Tliere is a distinct 
groove. The ivory markings cross the bloom band. 

7. The bud of 0 enlarged, with few bristk's and moderat(.‘l 3 ' 
distinct basal patches. The iianges are emarginate. 

8. 9. Node of a ten months cane witliits bud. The bud will 
burst dorsally and thei'c is a .distinct red brown mui'k in tlie groove 
made up of fine parallel lines. 
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KATHA, 6 months old, Lyallpur, 


PLATE HI. 


KATHA, 6 months old, Gurdaspiir. 




1. (JeNJJHAL BEMARKS as to WSTRIBDTION AND AOIUCULTUEAt 
and CHEMXCxiL CJIAKACTERS. 

A. ExteiLsivcly grown on well and canal irrigated land in 
1 1 C Karnal, Kohtak, and Dellii districts. The soil and cHinatc of 
tins tract are well suited to sugarcane cultivation and the juelds 
are Ihgher here than in any other part of the Province. Lain is a 
cane of the Kathaty^i,, not unlike the Chan of Ambala but slicrhtly 
thicker. It is said locally to be a degeneration from Saretha, but 
tins Ls^very doubtful. It is thinner than Kansar, matures later 
than fiatJia, but slightly earlier than Dhaulu of VUlUw. The latter 
t;ane and Lahn are extensively grown in the north of Karnal but 
here tlie Dhaulu ceases and Lain takes its place further south* 
Tile yields of Lain are veiy heavy, 50 inaunds of gar being obtained 
from a good crop. (Height of the canes at Gurdaspur 8-9 feet at 
six months. Like Katha but taller and thicker and with broadm* 
leaves ; smaller and shorter than Kansar and the leaves spreading 
rather less ; some of the leaf tips soon broadly angled as in KathZ 
Tillering good, but the canes lodging with irrigation and with heavy 
crops, feidfering from smut. The six months canes were rooting for 
tile first four joints and had about three shot buds each. — C. A. B.) 

B. A hardy cane, yielding yur on good soils. The variety is 

classified as frost resistant on the results of the last two years’ 
experiments. The average composition, of the juice (average of 
tlie last two years) is : — ' ^ 


Month. 


Sucrose % 

Invert sugar % 

Xovembor 

Dficomber 

.btniuiry 

Feljruiivy 


11- 56 

12- 56 
14-31 

16-21 - 

2-34 

0-84 

0-70 

0-45 


It is fully ripe about the middle of Ifebruary. 


[)6 STUDIES IN INDIAN SUGAROANES 

(For tlie details in tliese sections I am indebted to Messrs^ 
Soiitliern and Barnes.) 

2. List op specimens examined. 

The canes of this variety were all from Gurdaspiir Farm and 
include six months and ten months canes from the same plot. The 
former were, as usual, relied on for fohage characters, as these 
cannot be studied in ripe canes in the north. 

Yo'img Canes, six months old, 

(a) Gurdaspiir, September 1913. Irrigated farm plot ; 12 canes 
examined of which six were measured as to foliage and joints; 
canes drawn and held photographed. 

Mature Canes, ten months old. 

(h) Gurdaspiir, January 1914. Irrigated farm plot ; 25 canes 
examined of which 20 were measured as to length, and thickness of 
joints. Canes drawn and painted and photographed to scale and 
held photographed. 

3. Geneeal characters op the variety. 

The Lalri canes examiiied were moderately thin, hard, straight” 
sided and without prominent nodes. They were evidently a Katha 
cane but thicker and shorter. The young canes were giaiicoiis 
grey oi: ivliite from excess of bloom ; later on the skin became brown 
under this bloom, and the cane vinous, the brown showing where 
the bloom was scraped otf. The general colouring of Lalri was 
more vivid than in Katha or Kansar. The groove had occasional red 
brown marks as in Katha. Ivory markings short and few, usually 
in upper parts of the joints and occasionally passing through the 
bloom l.)and. Growi-Ji ring very dark brown in lower joints of 
mature canes. Circlet of hairs persistent, strong, often brownish 
below, and sometimes changing to a felt or even disappearing higher 
up the stem. Scar band present. Buds small, rounded or pointed, 
usually bursting rather apically, but sometimes dorsally below ; 
iisuaily reaching the growth ring except in some lower joints ; bail’s 
not W'Cli developed, but minute black hairs present. Leaves as 
in Katha but broader, including the sharply bent tip in young leaves. 
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less clianiielled at tlie base and with proportionately narrow niidrib. 
Leaf-slieatli as in If ; ii gules distinefc, tooth-like or long. 

4. Cane measurements. 

Dead leaves at six months old, 

Ihe average number of dead leaves in the six canes was 12. 

Length of cane and of shoot after striff ing these. 

Average length of cane exposed 3' 3", of shoot 4'1". 

lotal length of cane and number of joints at six and ten months. 

(а) Total length 51 "8", number of joints 18*5. 

(б) Bo. 50-0'V do. 17*2. 

Total length divided by average thickness at the middle, I t. 

{a) 92, (b) 91. 

Length of joints in different parts of the cane, in inches : — 

(а) 1*6, 2-0, 2-5, 2*9, 3*3, 3*7, 3*7, 3*9, 3*9, 4*0, 4*2, 3-7, 3*3, 

3*3, 3-2, 2-0, 0-7, 0-4, OM ; 18-6 joints. 

(б) 2*9, 3*7, 4*0, 4-4, 4-3, 4-5, 4*7, 4-1, 4*0, 3*9, 3-1, 2'2, 1*5, 

1-0, 0’6, 0-3, O'l; 17-2 joints. 

These figures are rather puzzling. In the first place there is 
something wrong in that there are more joints in the younger canes 
than, in the older, although the material was drawn from the same 
plot. Secondly, the older canes apparently have longer joints at 
the base, suggesting a prolonged growth in this part of the plant 
such as is not justified by one’s knowledge of anatomy. These facts 
have led to a more careful study of the columns of measurements, 
with the result that it has been demonstrated that there are 
two lands of canes in the clump, longer, older, with shorter joints 
(especially at the base), and shorter, younger, with longer joints 
(especially at the base). And it has furthermore been shown that 
there are more of these younger canes in the older clumps. This 
subject has been fully dealt wth in a separate note. 

Thickness of the cane at various points. — This undergoes Mttle 
change as we pass up the cane, Lalri being remarkably uniform 
in this respect. 
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STUDIES IxV l,Nt)lAJ\^ SUGAIiCANES 


(r/.) Occa„sioi.uiJ]y narrower at the base, but soon unilorni 

(6) Average of 20 eancs, base 0*51"; niicldlo 0*54"; (,op 0*54". 

5. Colour of cane. 

The. young eanes are glaucous grey or white, green where the 
bloom is rubbed off, to yellow in the lower parts of the joints. In 
older canes the colour is, as in Katha and in Kansar, rather difficult 
to describe, but there is plenty of ffinous colouring. Dntlje whole, 
the red brown skin ol; Lulrl is of a more vivid character than in the. 
two allied forms, and is Avcdl seen where tlic bloom has been acci- 
dentally rubbed off, as w'ell as in the blotches in tlie green, uppei*, 
younger parts of the cane. Blachmiiu/ occurs liere and there: a,nd 
is usually confined to the upper part of the. joint. The bloom, as 
has been indicated above, is remarkably heavy, descending over tlie 
joint as a white layer, lightly over the root zone, but only dulling 
the growth ring. The (jrowfh rimj is liglit l.)rown in young canes, 
in older ones green in its upper joints and veny dark brown in tin* 
lower ones. Blushing is not apparent in exposed parts. There is a 
well marked blackish grey scar band, between the bloojii layer and 
the leaf scar. The ivory markings are f(nv and short, usually con- 
fined to the upper part of the joint, occasionally passing through the 
bloom band. Here and there upper joints have massed markings 
as in Dhaidii and Katha. 'The root zone is sometimes markcid by 
small brown slits. Splits practically absent but sometimes arise 
from ivory markings. The f/roo re has sometimes the red brown 
marks composed of fine parallel lines so characteristic of Katha. 

(3. Character of the joint. 

Bhichness, ovalness. Lalri is not such a thick cane as Kansar. 
The cane is remarkably cy lindrical and ovahiess is hardly perceptible 
as is seen from the following mcasurenients, lateral + medial ; •— 

(5) Base 0*51" 4-0*54"; tniddle 0*54" 4- (>‘5(1"; top mature 
0*54" 4- 0*50". 
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Length of niature joints. 

(а) average 3*3", average longest 4- (5". average basal 1*5". 

(б) average 3‘9", average longest 5*2", average basal 2‘9". 

Shci'pe viewed imdkdhp — Thickest at leaf-scar and root zone 

then at growth ring ; hence, shghtly biconvex ; but practically 
straight-sided. 

te'm%.-~Very slightly zig-zag ; traces of swelling 
below beliind, giving the joints occasionally a slight concavo-con- 
vexity. 

Leaf scar .practically horizontal, very occasionally slightly 
descending, and with a very short Up. 

Circlet of hairs persistent, strong, browniish below'. Occasion- 
ally present all the way up, but more often becoming a felt in the 
upper parts or even disappearing there. 

Groove present, shallow, or absent ; where present, seen all 
the way up the joint ; occasionally showing the characteristic 
brown red marks of the Katha group. 

B-oot zone usually slightly swollen or barrelled, especially in 
the lower joints ; shghtly bloomed : with moderately distinct 
eyes in twm to three rows ; sometimes with ivory markings, especially 
in the low'er joints. 

Growth distinct and not very broad in the specimens 
examined ; its colour referred to above. 

7. Bud. 

Shooting noted on the average in the three lowest joints in the 
young canes. Bursting usually rather aj)ical, but dorsal in some 
of the huver joints. 

The buds small, rounded, or pointed, usually reaching the 
growth ring except in a fewer lower joints ; if exceeding the growi:h 
ring, ovate triangular. Arising at the leaf-scar and without any 
trace of cushion. 

Flanges not apparently well developed ; basal patches present 
and sometimes regularly formed, w'hite and glistening ; minute 
black hairs present, especially below. 
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STlMyUOS IN INDIAN SUUARUANKS 


(а) Gccasionally narrower at the base, but soon uniform 

upwards. 

(h) Average of 20 canes, base 0’5.l"; middle 0*54"; top 0’54". 

5. Colour of cane. 

Tlie young canes are glaucous grey or wliite, green where the 
bloom is nibbed olf, to yellow in the lower parts of the joints. In 
older cranes the colour is, as in Katha and in Kansar, rather diflicult 
to describe, but there is plenty of Aunous colouring. On the whole, 
tlie red. brown skin of Lal/n is of a more \dvid character than in the 
two allied forms, and is well seen where the bloom has bijeii acci- 
dentally rubbed oil, as well as in the blotches in the green, upper, 
youngei' parts of the cane. Blachenlmj occurs hei.*e and there and 
is usually confined to the upper part of the joint. The bloom., as 
has been indicated above, is remarkably heavy, descending over the 
joint as a white layer, lightly over the root zone, but only dulliug 
the growth ring. The grouili nmj is hght brown in young canes, 
in older ones green in its upper joints and very dark brown in the 
lower ones. Blushing is not apparent in exposed parts. There is a 
well marked blackish grey scar 6am?, between tlie bloom layer and 
the leaf scar. The ivory markings are few and short, usually con- 
fined to the upper part of the joint, occasionally passing through the 
bloom band. Here and there upper joints have massed markings 
as in Dhaidii and Katha. The root zone is sometimes marked by 
small brown slits. Splits are practically absent but sometimes arise 
from ivory markings. The proiiuc has sonietime.s t.he brown 
marks composed of fine parallel lines so characteristic of Katha. 

6. Character of the joint. 

Thichiess, ovalness. Lain is not such a thick cane as Kansar. 
The cane is remarkably cylindrical and ovalness is hardly perceptible 
as is seen from the following measurements, lateral 4- medial : — 

(б) Base 0‘5l''-f 0‘54"; middle 0*54" + O* 5(5''; top mature 

0-54" -h 0*0(5". 
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Len/jth of mature joints* 

(a) average 3'S'\ average longest 4*6". average basal i‘6'". 

(0) average 3'9", average longest 3'2", average basal 2*9''. 

Shape ■vieived medially , — Thickest at leaf-scar and root zone 
then at growth ring ; hence, slightly biconvex ; but practically 
straight-sided. 

Shape viewed laterally , — Very slightly zig-zag ; traces of swelling 
below behind, giving the joints occasionally a slight concavo-coii- 
vexity. 

Leaf scar .practically horizontal, very occasionally slightly 
descending, and with a very short Up. 

Circlet of hairs persistent, strong, brownish below'. Occasion- 
ally present all the way up, but more often becoming a felt in the 
upper parts or even disappearing there. 

Groove present, shallow, or absent ; where present, seen all 
the way up the joint ; occasionally showing the characteristic 
brown red marks of the Katha group. 

Root zone usually slightly swollen or barrelled, especially in 
the lower joints ; slightly bloomed ; with moderately distinct 
eyes in tw'o to three rows ; sometimes with ivory markings, especially 
in the low^er joints. 

Growth ring distinct and not very broad in the specimens 
examined ; its colour referred to above. 

7. Bud. 

Shooting noted on the average in the three low'^est joints in the 
young canes. Bursting usually rather apical, but dorsal in some 
of the lower joints. 

The buds small, rounded, or pointed, usually reaching the 
growth ring except in a fewer lower joints ; if exceeding the growdih 
ring, ovate triangular. Arising at the leaf-scar and without any 
trace of cushion. 

Flanges not apparently w^ell developed ; hasal patches present 
and sometimes regularly formed, w'hite and ghstening ; minute 
black hairs present, especially below. 
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STUJDiIES IN INDIAN SUOAECANEB 

8. Leafy shoot. 

Five to six lea,ves in tlie terminal tuft. Leaf ends soon angled, 
or bent as in Katka. 

Number of lerm/inal joints under 2", 3 in tlie six inontlis canes 
and 5 in the ten months. 

{a) 2-0", 0*7^ 0-4", O’l". 

(&) 2-2", 1'5". I'O", O'B", 0*1", showng the gradual 

cessation of rapid growth in the older canes. 

9. Leaf-sheath. 

Length, average longest. — The average lengths of the leaf-sheaths 
in the six canes of {a) were 7*2", 7*4", 7*7", 8*4", 9*0", 9*.4", 9*8", 
10*3", 10-8", 11*1", 11*1", 11*3", 11*1", 10*9", 10*6", 10*2", 10*2",' 
(9’9", 9*6", 7*0", 1*8", 0*3", 0*1"). 

Average longest 11*7". 

The sheaths do not fade to a crushed strawberry colour in the 
young shoots on dying nor are the edges red brown, as in Dhaidu ; 
scarious border is not formed early ; silicious spines are absent ; 
the minute hairs between the veins behind are just visible with the 
lens, white above and black below. 

Ligule narrow, broadening at middle, with minute hairs on tlie 
edge. 

Ligular 'processes distinct, tooth-like in the lower parts but 
becoming longer in the terminal leaves of the young cane, on one 
side only. 

Proportion of base of lamina to the top of sheath 12:17,12: 16*5, 
14 : 18. showing room for the formation of the ligular process. 

10. Lamina. 

Width 0*90" — 1*05", averaging about 1 inch. 

Length average of six canes measured (a) 2'1", 2'6", 2'7", 2'7", 
2'9", 2M()", 31", 3'7", 3'7", 3l0", 3'9", 3ll", 4'0", 4'2", 4'3", 4'2", 
41.", 4'1", 4'0", 3ll", 3'8", 3'0", 2'3". 


A.vsmge extreme length of leaf in these six canes 4'4:". 

Projjorti/Ofh of length to width 50*. 1. 

Clminellitig moderate at base in cut leaves but not noticeable 
in the field ; flattening out soon. 

Transverse snarls dull, yellow green, bloomed below. 

Serrciture rather soft and soon disappearing. 

DESCRIPTION OP PLATE. 

Lalri. 

1, 2, 3. Lower, middle and upper portions of a ten months 
cane. ' The buds are small, not reaching the growdh ring in the 
lowest joints but reaching or exceeding it higher up. The groiidh 
ring is faint in the upper joints but becomes darker below, often 
darkening at its upper and lower edges first. Tlie circlet of hairs 
is persistent throughout. The lowest joint of 1 has ivory markings 
in the root zone. 

la. The middle bud of 1. Bursting is dorsal ; the flanges 
rise high up and pass broadly round tbe apex ; bristles are few, but 
the basal patches are distinct. 

4. A lower node of a six months cane with its bud enlarged. 
There is a distinct groove. The bud is rather longer than in la 
but bursting is markedly dorsal. The scar band is rather 
broad and distinct. 

5. Upper portion of a six months cane. The base of the 
leaf-sheath clasps the stem widely. 

6. The junction of lamina and leaf-sheath in three leaves. 
Smafl ligular processes are present, sometimes on both sides. 

7. A small portion of the ligule ivith minute hairs on its edges. 
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KANSAR. 

I. n!<yiSrK!iAL liKMAli-KS AS TO BISTEIBUTTON AND AGRIGULTUKAL 
AND ClfEMICAD CHARACTERS. 

A. Kiinsar is most extensively grown in the siibmont.ane 
tracts, wliei*e tiie water supply and land are specially good. Large 
io'cas under this cane are found in canal irrigated land in the Batala 
'felisil of the Gurdaspiir district, where it is known as Katka-Kaliu . 
! h i s also found i n tlie submontane telisils of Jullunder and Ludhiana 
wluu’c it is known by the names Bag Chan 2 (,\\A Masingen, It has 
also been seen a,s far south as the Chenab Colony but this is excep- 
tional. It dries up and becomes pithy in the centre unless the 
water supply is very good. 

A tall growing, thick red cane of the type, approaching 
Saretha in thickness. It requires good land and more abundant 
water than Dhaidu of Gurdas'pur or Phillaur. It yields very heamly, 
a good crop giviiig 4() maunds of g?.ir of excellent quahty. {Kamar 
is a desi cane with broader leaf than DhoAjlu of Gwdaspw ; the 
six months crop was 8-9 feet high. The leaf tips, at first erect, 
soon become angled as in Katha, then quickly curving backwards. 
The outer canes of a bunch bend outwards a good deal like Saretha ; 
tillering is good. Sliooting was present in the six months crop 
on the farm, the shoots being green, tall, and straight ; rooting 
occurred, to about the fourth joint. The crop on the farm was 
rather badly smutted. — C. A. B.) 

B. A fine cane, not reckoned as hardy as Lalri or Katha ; 
yields gur on well-land. The variety is classified as semi -resistant 
to frost. The average composition of the juice (average of the last 
three years) is : — 


■ Month. 

Sucrose % 

Invert sugar % 

^ November . . . . . . 

14*05 

2-71 

December . . . . .. 

14-95 

1-48 

JjMiuary ... .. 

14-44 

1-35 

Eobruary .. .. «.• 

14-77 

1*32 


64 


CTTIDTfiS IN , INDIAN SUQARGANES 


i,t is fi,ri early jipeiiitig cane and is fnlly ripe about, the end of 
])e,ce}uber. Tln^ (jur made f.i.’oin. tlic variety on the farm yi(,-klo(j u, 
sucrose content of 72’ 3.1 per cent. 

(The (hvtails of sections A and B liavc benn k'indly furnisluM! 
by Messi's. Southern and .Barnes respectively.) 

2. List of specimens examined. 

Six months old. —(a) Gurdaspiir, September 191 3. Farm plot, 
irrigated; 12 canes examined of which six were nieasiired as to 
joints, leaf -sheaths and laminas. The canes were drawn and tin' 
crop photographed. 

Te/n months old. — (6) Gurdaspiir, January 1913. harm plot, 
irrigated ; 25 canes (examined of wliicli 20 were measured a,s to tlie 
thiclviiess and. length of their joints. The canes were drawn, painted 
and photograplied. 

About twelve months old. — (c) Gurdaspiir, Marcli 1913. (.lultiva- 
tor’s field, rainfed ; live canes examined, drawn and photographed 
to scale. 

3. General characters of the variety. 

Canes practically straight-sided, without prominent nodes, 
thicker than Lalri and much thickei' than KafJia and Dhaulu ; 
evidently a Kaiha form. Heavily bloomed, the bloom sonietinuxs 
blackened. Colour of mature stem vinous, due to the i‘ed brown 
slvin under the bloom, but not so strongly marked in tlie specimens 
as in Lalri. Ked brown marldngs seen in the groove region ami 
the canes smutted in the field. Ivory markings as in Kafha. not 
abundant, ebiefiy in upper parts of the joints and. someti mes passi ng 
through the bloom band. Growth ring in old joints bright, iiMldisli 
brown and sharply defined. Circlet of hairs well developed, jior- 
sisteiit, of strong parallel hairs, often brownish in colour ; a distiiud; 
scar band, often with minute black hairs intermingled. Buds 
small, rounded or polygonal, usually reaching tlie growth ring, 
except ill the lowest joints. Bursting apparently near the apex, 
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hill; not wnll .studied. Hairs on bud moderately developed, the 
riUiiuti'. hlaeJc hairs being prosoiit or not. Leaves standing out as 
in K<ah(( but inueh broader, the young tips showing the cbaract er- 
istic, i)e,nd ol kathd imd Lfdri, Lamina hardly channelled at the 
bu.s<,\ Leai-.shoath glabrous, with light coloured edges. Ligular 
proce.s.se,s as in Katha, varying from .small to large. 

4. Cane MEASUREMENT.g. 

Dead leaves at six months oM.~~The six months canes had an 
average of seven dead leaves. 

Length of six months canes after stripping dead leaves.-— T \iq 
canes averaged 2' 7", and the shoots 7' 9". From this it would 
appear tliat Kansar does not mature so rapidly as mo.st of the 
other canes, but it may be that the leaves have a longer period of 
growth. 

Total length of cane and number of joints at six and ten months— 

(a) six months 63*7" with 18*5 joints. 

(b) ten months 64*9" with 20*0 joints. 

Total length of stripped cane divided hy average thickness at 
middle l-rt. — fa) 103, (6) 109. 

Length of joints in different parts of the cane, in inches 

(a) average of 6 canes; 2*5, 3*7, 4*1, 4*3, 5*2, 5*4, 4*8, 

4*6, 4*8, 4*6, 4*4, 4*1, 3*9, 3*7, 2*5, 1*5, 0*8, 0*3, 0*1. 

(b) average of 20 canes ; 2*5, 3*8, 4*7, 5*3, 5*4, 5*7, 6*0, 5*2, 

4*7, 3*9, 3*6, 3*2, 3*1, 2*8, 1*9, 1*4, 0*8, 0*5, 0*3, 0*1. 

(c) The joints were usually longe,st about one-third of the 

way up. 

The same tendencies are noticeable in this, as in other varieties, 
for the canes from older plots to have longer joints, especially at 
the base, and for their terminal joints to decrease in length less 
rapidly, facts which are more fully dealt with elsewhere. 

Thickness of the cane at various pomts.— The canes of Kansar 
are usually fairly uniform in thickness all the way up. Sometimes 
there are a few narrow joints at the very base, succeeded by others 





tliielcor t-lia]!. tiioso in the nhddle, and this, although, not shown. 
hi tl!.(‘ I'lgiircs, i ucli'cates a slight narrowing upwards. J n otiu'r e.a.s{!s 
tb.{.‘ yoniigest, i.nunature joints at the top are swollen, iiud baiivih'i!. 
Average of 2(.i' canes (b) base ()‘50"; middle 0*£)9"; top .mature 0-58'h 



5. Colour of cane. 

The colour of Kmisar is rat.her dilFiciilt to describe. It is a 
heavi].y bloomed cane and the thickness of this layer lias a ve-r)" 
great ehect onthe colour, and the bloom is heaviest in. the mature 
joints. There is a white bloom band heavily descending and onam 
a good, <l{'a! dulled, by blackening. The mature joint beenmes 
vinous a,l)ov(^ beciuise oE a brown skin. l)eneatli. the liioom, fin.'tlKu* 
Uj) tlic cane th.fn.’e are pinkish strea,ks and blotc'hes below tlie i)looni 
biind u,ud, ultinmtady, the joints are .yellow or grcim. witli. pink 
marki.ngs. Tlie lojiingest joints have less bloom aiul am at first 
apple green, then glaucous green or yellow, often with, bi'own, 
blotclies. 

The growth ring is olive green in th,e youngest parts, l>ecoinii.ig 
light brown and. ultimately a bright, redtlish brown and very sliai’piy 
defined. 


The root zone is heavily bloomed, usually of a liglit cream 
colour, but beconiing bone yellow and sometimes bhicli'ened, below. 

There is sometimes a good deal of hJmikening of the joints, 
especially on t.he upper parts of the lower ones. The joints do not 
hlush on exposure to light betAveen the gaping leaf -sheaths. 



Below the hnaf scar there is no definite sharp dark line, but a 
diffused grey to blackish grey zone between the scar and. the bloom 
band. Tins is a typical scar hand and there are often minute black 
hiiirs present in it. 

The groove .has tlie red mark so characteristic of Katlia, seen 
under the lens to be composed of minute, parallel red brown liues ; 
cases of black incrustation have also been met with. 

Tlie ivory rnarldngs are present, although not abundant, 
usually in the upper parts of joints and changing into sphts. 'Tlicy 
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sometimes penetrate fclie bloom band and are present occasionally 
in the root zone. Here, ^^mKatlia and other canes, an occasional 
joint near the top is seen to be covered by ivory inarldngs close 
together in the middle of the joint, reminding of the markings 
typical of Tereru. These often change into splits. 

6. Character of the joint. 

Thickness, ovalmss in section. 

Kansar is a thick cane as far as those in the Punjab are con- 
cerned. It is thicker than Katha and DJicmlu and, in the field, 
than Lali’L The average thickness in the middle was as follows 

(a) Six canes 0*58" to 0‘6o"; average 0*62". 

{h) Twenty canes 0*48" to 0-59"; average 0'59". 

(c) Five canes, thickest 0-68"; thinnest 0*55". 

Ovalness is not usually marked, lateral and medial measure- 
ments being : — ■ 

(b) bottom of cane 0*56" -{-0*58"; 

middle of cane 0* 59" -f- 0* 61 "; 
top of cane 0* 58" -1- 0* 60"; 

(c) thickest cane 0*68" + 0*68"; thinnest 0*55" + 0*61". 

Length of the mature The canes examined had tolerably 

long joints, the extremes being 3 to 8 inches. 

[а) of 6 canes, shortest (basal) 2*5"; average longest 5*6"; 

average mature 4*2". 

(б) of 20 canes, shortest (basal) 2*5"; average longest 6*0", 

average mature 4*5". 

(c) the joints varied from 4 to 8 inches in length. 

Sha'pe mewed medially, — -Thickest at leaf scar and root zone ; 
growth ring often rather low and the rest practically straight. 
This gives the lower paih of the joint a slight tendency to narrow 
upwards. 

Shape viewed There is sometimes a slight swelling 

below behind wMcli gives the cane a shghtly concavo-convex 
appearance, The joints are, however, practically straight. 
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STUBTES INT INDIAN SUGAROANES 


Leaf scars not appreciably or very slightly desceiKling a,iic! 
without a definite lif. 

Cirekt of lutirs well developed, present in all joint, s, of st:i‘ong, 
straight, parallel hairs, often discoloured. 

Sear band present, distinct, often with minute black hairs. 

Groove present, indicated or absent, often a flattened place, 
with the red brown marks of KatJm and sometimes the harsli black 
incrustations. 

Moot zone moderately broad, usually not swollen, covered 
with bloom, sometimes with, ivory markings ; 'with 2-3 rows of 
eyes. Occasionally slightly tubercled, especially below. 

Growth ring not very broad or proiionnced. i.n old c,aiies 
someiimes rather prominent, liocause of the dar*k lirown (‘oloiir ; 
but more usually of a light brown tint and llattiiiied. 

7. Bud. 

The buds of Kansar were found to be shooting in idio six mo.ntliB* 
crop, but not in the others examined. To all appearance the 
bursting of the buds is more or less apicid, ex(X‘pt in a few lower 
joints where it is dorsal. 

They are small, rounded or polygonal, usually reaching tlie 
growth ring, but sometimes falling short of it in the lowest joints ; 
they usually arise at the leaf scar. 

The 'flanges are rather well developed a>nd arise at or sliglitly 
above the middle and pass roui-id the apex. 

The bristles are moderately developed, the basal patches well 
shown, of white glistening parallel hairs, and the mmute hlach hairs 
present or not. 

8. Leafy shoot. 

The leaves are rather widely separated on the stem and stand 
out much as in Katha ; the leaf ends are erect, but some soon show 
the characteristic bend of Katha. 
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Number of terminal jovMs under 2", four iii the six months 
canes and six in the ten months. 

(«) 2*5", 1*5", 0*8", 0*3", 0*1". 

{h) 2*8", 1*9", 1*4", 0*8", 0*5", 0*3", 0*1". 

9. Leaf- SHEATH. 

Length, average longest. 

Average of the six months canes in inches, 7*9, 9*2, 10*3, 11*5, 
11*9, 12*0, 12*0, 12*0, 12*3, 11*9, 11*6, 11*2, 11*1, 11*0, 10*9, 10*7, 
10*7, (9*7, 7*3, 2*2, 0*4, 0*1). 

Average longest 11*3. 

The dying sheaths do nob fade to a crushed strawberry as iix 
Dhaulu and the sheaths are little bloomed. The edges of the young 
leaf-sheaths are light coloured as in Kaiha. SUiGious sfines are 
absent and the hairs between the veins behind are distinctly visible 
under the lens, white above and black below. Bases of sheaths 
clasfing the stem rather widely. 

Frofortion of base of lamina to to‘p of sheath, 14:19 and 14:20, 
in two canes. 

The ligular processes vary, they are often large and on one 
side only. 

Ligule narrow, with minute hairs along the edge. 

10. Lamina. 

Average width 1*0" to 1*3". 

Length, average in six; six months canes, 1'9", 2'4", 3'2", 3'2," 
3'2", 3'6", 3'10", 3'11", 3'9", 3'11", 4'1", 4'1", 4'1", 4'0", 4l", 4'2" 
4'2", 4'3", 4'3", 3'11", 3'2", 2'4", average longest 4.%". 

Proportion of length to loidth, 40 : 1. 

Hardly channelled at base in the field, although seen to be so 
in the specimens in the laboratory. Transverse marks yellomsh 
green, soon bloomed and dulled below. Serrature strong in young 
leaves, soon disappearing, except at the tips. 
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ka:n.sak. 

.1, 2. ,A Jowei: a.iid a uuddh po.ti/ioi!. oi; a tvv. suoiitlis (uuic, 
Tlie InidB (0, 7, 8 , 9) arc shorter in the lower j{)ints and do not iduviv 
reach the growth ring. The circlet of hairs is strong and persistent. 
Ivory inarkirigs are present on the root zone at the base, of 1. 

3. Laiiiiiia and sheath at their junction, showing a clistinct, 
though short ligular process. 

4. A portion of the ligide with a fringe of ininnte hairs on its 
edge. 

5. All iipperinost joint sliowdng t lie base of tin' h'af-sheatli 
widely clasping the stem ; the circlet oi hairs is still pi'esent, 

6. 7, The upper node of 1 showing the medial view and tin- 
enlarged bud. The bud is short and does not reach tln^ growldi, ling. 

8, 9. The middle joint of 2. The bnd*is longer, lias w'ell 
defined basal patches and there is a black incrustation in the 
groove above the bud. 

10. A, lower joint of another cane, showing tlie roots emci'ging 
and a very well developed dark brown growth ring. Tliei:e are. 
ivory markings, on the root zone. The bud reaches the growth 
ring. 

11. Another joint with very broad growtii j-ing and rattier 
elongated bud. TMie scar band is well sliown. in this and. most of 
the other figures. 
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BHAULU OF GUEDASPUR. 

L General remarks on distribution x\nd agricultural 

AND CHEMICAL CHARACTERS. 

A. This variety is confined to irrigated land in Gurdaspnr 
and adjoining districts. Outside of that tract it is seldom found 
and does not appear to thrive anywhere as well as in the Giirdas}mr 
district. It is occasionally found, as is also Terei')!, in Jullunder. 
Ludhiana and Ambala districts as a mixture in crops of. Dim ulu 
of Phdlaur. The two Gurdaspur kinds are not distinguished then 
and both are classed as Gliorru and are disliked as they are said to 
yield very inferior juice. 

Dhaulu of Gurdaspur is green when unripe and becomes white 
later, as is indicated by its name. It is tliicker than Katha and 
requires better soil and a more liberal supply of water. It is occa- 
sionally found under barani conditions but is nearly always irrigated. 
It ripens later than Katha ; the leaves are more easily stripped and 
the rind is softer. The sets at planting time are more liable to be 
attacked by white-ants. This applies to all the kinds grown, 
Katha being the most resistant ; the thicker the cane the more 
readily is it attacked. The gm' is of a better colour and the sugar 
whiter than in Katha, but the giir is said not to keep so well. (The 
six months canes were 9-10 feet high at Gurdaspur and the ten 
months liigher still. The canes were erect, in bimches, often covering 
the ground thickly, but falling at the edges of the field or where 
the growt-h was very luxuriant, then often being crooked and lying 
down. The older leaves stand out from the stem as in Katha, 
Tillering is very good but depends on the closeness of planting and 
evenness of germination. Where thinly- planted very large numbers 
of shoots have been noted rising from one stool. I sliould call the 
young cane>s glaucous green and the old, fully ripe ones, clear 
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bone yellow but tlie term, white is often apx^lied as distinguislirng 
jT-ellow canes from green. Eootiiig occurred at fioin two to .'oui 
of the lowest joints, but was not marked ; shooting was .laie 
specimens examined. The plants were only sUghtly abtackec ly 
smut., which seems to be rather typically present hi the AalM 
alHance, but a good deal of Fames kictdus was found in places. . s 
indicated below^s Dliaiilu of Gwdcisfur closely rtscmb es i ' 
but is clistingiiislied by a, large number of niinute difiereiicts, w ic i 
would hardly have been studied hut for the closeness of the two 
canes. It huld seem that Dliaidu may be a colour variety, more 
delicate and therefore adapted to more generous troatnumi.. ^ he 
ca,nes examined were chiefly those grown on the biii.il.isjiii) 1 .nni 
or obtained in its neighbourhood. Since my last visit hiv. Soifl.liern 
has drawn attention to the fact that this cane does not agree with 
that under the same name further west, and some canes of the latter 
sent down have been separated under the name Dhmhi of PhiUaui . 


B. A tine soft cane yielding sJmhkar on good soils. The 
variety is classified as “ ciuicldy affected by frost but quickly re- 
covering.” The average composition of the juice (average oi tiie 
last three years) is 

Month. 


November 
December 
Jfjtuiary 
February 

'"b I^fully ripe about the end of January. The gitr or shahlcar 
made from various specimens of the variety yielded a. sucrose 
content from 67-62 per cent, to 76-0 per cent. 

(The details of sections A and B, have, been kindly furnished 
by Messrs. Southern and Barnes, respectively). 

2. List op specimens examined. 

Young ccines — Six months old- {(d) Gurdaspnr, Septembei 191J. 
Irrigated farm plot (canes from Bham) ; six canes examined and 






six others measured as to length of joint, leaf-sheath, and lamina : 
canes drawn and photograj)hed to scale, leaf parts drawn, crop 
photographed. 

Matwre canes ten months old. (h) Gurdaspur, January 1914. 
Irrigated farm crop (local canes) ; 25 canes examined of which 20 
were measured as to thickness and length of joint; five others 
selected for drawing, painting, and photographing to scale ; crop 
photographed. 

Mature canes twelve months old. (c) Gurdaspur, March 1913. 
From a cultivator’s field; six canes examined, drawn and photo- 
graphed to scale ; habit photographs taken in the field. 

(d) Harchowal, March 1913. Cultivator’s field ; canes ex- 
amined and photograi)hed to scale. 

Besides these, 18 canes were obtained in September 1913, 
from Julliuider. These were examined and the canes drawn, but 
there were puzzling differences noted at the time, and it now seems 
probable that the canes were examples of the more eastern DJiaulu 
of Phillaur. They are not, therefore, included in this description. 

3. General characters of the variety. 

Dliaulu of Gurdaspur is a taller and thicker cane than Katha 
of the same district, and the leaves are broader and of a fresher 
green. It is usually an irrigated crop, which limits its region, and 
is more delicate than Katha against frost. The canes are thin, 
straight-sided, the nodes, perhaps, a little more prominent than in 
Katha. The colour of the stem is glaucous grey or green in young 
parts to clear bone yellow in older. The stem blushes readily on 
exposure to a Afinous or purple, with brown sldn under the bloom aiid, 
on being cut and stripped, turns a red pink in a few days. The 
characteristic red brown marks in the groove of Katha are absent in 
Dhaulu. Ivory marldngs are not uncommon but the canes vary, from 
practically none, to so many that a separate variety {Tereru) has 
been instituted by the cultivators. These ivory marldngs are usually 
confined to the upper two-thirds of the joint and do not penetrate 
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the bloom biiiitl. There is usually a definite brown scar line a.s 
contrasted with the scar band of Katlm. The giwvth ring is <hsti,]!ct, 
light brown in older joints. The circlet of hairs is usually juvsciit 
in the lower joints but soon disappears upwards, especially iiud(M.‘ 
the bud, or changes to a felt of small hairs. The buds are siiniLu* 
to those in Eatha, small, hut reaching the growth ring ; they usually 
burst, hoAvever, more or less apically and appear to be rather better 
provided with hairs : miiiute black hairs are generally present. 
The leaf-sheaths turn crushed strawberry colour on death in the 
six months canes and blush readily in the ten months canes, wliih^ 
tlieir young edges soon turn red brown, — all of them ('liai'jici ers 
distiiigiiisliiiig Bliaulii from KatJia. Tlie tips of the leaA'es do not 
bend sharply as in canes of the Kaiha alliance. The slieafh docs 
not clasp the stem broadly and liguiar processes a;i:*e aibsent or 
small. 

4, (Jane measu'rements. 

Dead leaves at six months old, usually 14-15. 

Length of six months canes after sWigyping dead leaves, tlie 
canes averaged 4'9" and the shoots 5'9". 

Total length of cane and rmrnher of joints at six and ten months— 
{d) Six months old canes 72* 8", witli 25 joints ; 

(b) Ten months old cane 69-4", ivith 27 joints. 

It is to be noted that (a) and (/;), were not drawn from the sa,me 
plot as was the case in all other varieties, and this may account 
for the fact of the six months old canes being longer. None the less, 
it is evident that most of the growth here, as in Katha, has a.lready 
taken place by the end of September. 

Total length of stripped cane divided hy average thiehmss at 
middle, l-trt. 

{a) 142 (h) 142. 

Length of joints in different parts of the cane, in inches : — 

(a) 1'7, 2’3, 2'7, 2-9, 321, 3-6, 4-0, 4*5, 4'7, 4-8, 4‘9, 4-(>, 4vl, 
3'5, 3*7, 3'7, 3-I, 2*7, 2-4, 2'2, PS, 1% (}-6, OM, O’l. 
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{h) 1-7, 2-3, 3-1, 3-3, 3-7, 3*9, 4*0, 4-1, 3*9, 3*7, 3'5, 3*5, 3*5, 
3-3, 3*1, 2*9, 2*7, 2*4, 2*4, 2*1, 1*8, 1*4, 0*9, 0*8, 0*5, 
0 * 2 , 0 * 1 . 

There is little difference between these curves, excepting that 
the older canes show a slower rate of growth at the tip, as might 
be expected. The comparison in the curves, niade in KatJia and 
other canes, does not hold here and perhaps is due to the fact 
that the canes were not taken from the same plot in the two cases. 

Thichness of the cane at various -points . — ^In tliickiiess tlie 
canes were fairly uniforni all the way up, with a slight tendency to 
narrovdng upwards. 

Average thickness of 20 mature canes ten months old : — 

(b) Bottom joint 0‘5Ct'; middle 0*48"; top mature 0*46". The 
maturer canes of this series of 20 tend to become thinner upwards, 
while those that are less mature tend to thicken upwards. 

5. Colour of cane. 

The canes in Dhaulii are glaucous green or grejdsh green when 
young, becoming clear bone yellow as they mature and blush dark 
. vinous purple where exposed by the separation of the leaf-sheaths, 
the skin below this blush being clear light brown. There is some- 
times a slight amount of Uachemng, especially in the upper part 
of the joint. The stems, after cutting, become a reddish pink 
which is very striking, those of Katlia cut at the same time not or 
only very sHghtly assuming this colour. The youngest joints near 
the apex are clear apple green. 

The bloom band is well seen in young canes or parts, but hardly 
forms a distinct band ; it descends as far as the grovdh ring and 
covers the root zone heavily. The presence of the bloom changes 
the hght green of the skin to a greyish glaucous green. The gmvjth 
ring is light brown and distinct, becoming brownish yellow and 
ultimately green as one proceeds upwards to the young joints. 
The root zone is light straw coloured in mature joints, and cream 
coloured with heavy bloom in young ones. The groove does not 
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show t lie red biulwn marks so characteristic of kalha, mt ic lai.. i 
black incrustation has been occasionally noted. 

honj ma/rJmiqs are not iincoininon in DJiaulu, out t n> caines 
vary considerably in this respect. As stated above, certain ryots 
attribute the abundance of these markings m Tcrmr to clrougiit 
conditions, while others separate the lieaAdlv inailwC ones 
DJmnh under this name. The typical marldngs in Dhaulu are a, 
series of parallel lines in the middle or upper part of the pint, not 
passing through the bloom band. They are not usually present in 

the root zone as in luitlia. . , i 

Tliere is a distinct .car Urn in NmuU of a biowiusli co one n 
old joints l.elow tke edge of the leaf-scae, but tins .s less dehmte 


in youngei' joints. 

6. Character of the joint. 

mdenecs, mahmc.-mmnU hastliickei: canes than KMha but 
they ai'e still very thin. As ivill be seen fvoni the figuTcs, the latni 

canes seem to be thinner than those taken from the ryots bel.l 

(ft) of 12 canes sis months old, the average was 0 oO , ^ 

(h) of 20 canes ten months old, the avera,ge was 0 40 (0 .17 

to O’ 67"); . 

(c) of 6 canes twelve months old, thickest O’ 56 , tlnimcsj 

0-4.5"; ^ . 

(d) of 6 canes twelve months old, thickest O’ 62 , thinnest 

0’46". 

D/iftftk has a dif^tinct tendency towards ovedmss ; thiclviiess, 


lateral + medial;-- 

(6) bottom of cane 0’ 50" + 0’ 54"; 

middle ,, b’46 +0’49 ; 

top mature 0’ 46" + O’ 52"; 

(c) thickest cane 0’62" + 0-66", thinnest 0’45" + 0’47"; 

(d) thickest cane 0’56" + 0’60", thinnest 0’46" + 0’52." 

Length of mature joints—Dliaulu on the whole has shorter joints 

than Kat'ha, and this is emphasised by their greater thickness— 

(ft) average length 3*4"; average- shortest 1*7"; average 
longest 5*1"; 
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(b) aTerage lengtli 3-1''; average shortest 1-7"; average long- 

est 4-5''; 

(c) tlie joints of six canes were judged to be 3" to 5" long ; 

{(1) the joints of four canes were judged to be 2*5" to 4*5" 

long. 

Shape vieived medialhj. — Thickest at leaf-scar, or at growth 
ring when that is swollen, narrowing towards the middle, hence, 
generally biconcave. This is seen especially in the shorter 
joints. The root zone usually narrows downwards, but is often 
swollen in the lower joints. The nodes are more marked than 
in Katha. 

Shape vieived laterally, — Practically straight -sided and uniform. 
Ill some joints there is a distinct slight swelling below behind, but 
this is totally absent in others. A few canes have been met with 
which are distinctly zigzag. 

Leaf -scar practically horizontal and without a definite Up. 
No descending leaf-scar end. 

Circlet of hairs usually present in fche lower joints but, passing 
upwards, it rapidly disappears, especially under the buds. It 
frequently changes early into a felt of hairs before disappearing. 

Splitting does not appear to be very common ; where noted, 
the splits were black in colour and ob^uously arose from ivory 
markings. 

Groove often present as a flattened area, but never pronounced. 
Sometimes it has the black incrustation but not the red brown 
marks of Katha. 

Root zone not very broad, narrowing downwards except in the 
lower joints. With 2-3 rows of rather distinct eyes, not tubercled 
except in the lower joints. 

Gt'oivth ring distinct, with definite upper and lower boundary, 
hereby differing from Dlumlu of Phillaur. Narrow and flat or 
broad and raised ; the latter was noted especially in the six months 
old canes where the growth ring was sometimes wide and 
distinctly swollen, 
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7, Bub. 

The buds examined were in no cases shooting, Bwsting takes 

place liigli up, at or near the apex. 

The buds are small to moderate in size, reaching the growbli 
ring, ovate, pointed, sometimes broader than long at the base of 
thersfcem, but becoming narrower upwards and sometimes diamond 
shaped. 

They usually' rise at the leaf-scar but occasionally some have 
been seen rising a little above it ; no cusMon was however seen. 

Tlie flanges are moderately developed and sometimes rather 
bi'oad, rising' l)elow the middle and passing round the ajiex to a 
wide angle. They are often darlv-coloured. 

Bristles moderately developed of sparse, stil! hairs round the 
border of the, flanges ; a tuft of silky hairs usually presenfc at the 
place where the base of the flange meets the bud, on each side. 
The hasal fatches present, often ascending the veins of the bud and 
passing into the tuft of hairs. Minute hlaoh hairs far commoner 
than in Katha, chiefly in the basal patches and round the base of 
the bud. 

8. Leafy shoot. 

There are 5-7 leaves in the terminal tuft (the last two inches 
of the visible shoot). 

Leaf eMcl not angled or bent as in Batiha. 

Number of terminal joints under 5 in six months canes and 
7 in the ten months 

{a) 2-2", rS", 1*2", 0-6", 0*4", 0*1". 

(h) 2*1", 1-8'h l-d", 0-9", 0*8", 0*5", 0*2", 0*1". 

9. Leaf-sheath. 

Length, average longest of leaf -sheaths in the six canes : — 
(a)'7*9h 8*1", 8-8", 9*1", 9*2", 9*3", 9*5", 9*6", 9*8", 9*9", 
10*3", 10*7", 10*6", 10*3", 9*9", 10*2", lO'S", 10*5", 
10*4", 10*2", 9*8", 9*3", 8*9" (8*9", 8*5", 5*4", 0*9", 0*1"), 
o,verage longest 11*0 , 
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Tlie leaf“sheatlis are more easy to detach than in Katha^ but the 
base breaks off and is difficult to remove. 

Not or very slightly bloomed. The sheaths of the six months 
old canes turned a clear crushed strawberry colour immediately 
after death, then changing to a dull straw’ coloin. The sheaths 
in the mature (10 months) canes, on the other hand, did not turn 
crushed strawberry but usually blushed deep red vdiile liffing, 
especially the younger ones near the apex. These colorations 
were absent in Katlm. The scarious horder commences high up 
and before the death of the lamina edge. The edges of the young 
leaf-sheath soon become bright red brown. 

The sheath is rough dorsally with a feav sUlcious sfines. The 
minute bail's between the veins behind are, as in Katlia, piiberulous 
and hardly distinct under a lens. 

The hairs at the top of the sheath often descend along the edges 
for a short distance. The base of the sheath clasps the stem less 
widely than in Katha, only surroimding the circumference l.| times. 
The outer edge of the leaf sheath can be seen wffien viewing the 
shoot medially. 

Proportion of base of lamina to top of leaf sheath, 0*65" to 1*00". 
In other cases the proportion was 13:16, 13:17, 14:16, figures showing 
a marked difference from those in Katha. 

The ligular processes are consecpiently hardly present, some- 
times small or indicated, never long as in Katha. 

The ligide is rather narrow, but wudens in tlie middle ; the 
edges are covered as in Katlia with minute hairs. 

10. Lamina. 

Wulth 1*1" to 1*3". 

Length in six months canes, averages from base upwards, 
21", 2'8", 2'6", 2'8", 2l0", 3'0", 3l", 3'2", 3'3", 3'5", 3'7", 3l", 

3'9", 31", 31", 31", 3kS", 3'9", 3l0", 3l0", 3l0", 3'9", 3'8", 
3'6", 3'2", 2'5". 

Longest 3ll", 41", 4l", 41", 4l", 3li", average 4'0". 
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Proportion of length to width, 37 to 1. ^ 

Not mai-kedly cliamielM at the base and soon flattening out. 

Transverse marls slightly blackish green and slightly bloomed ; 
the leaves lighter green than in Katha. 

Serratufe ratlier soft, persistent. 

Proportional width of midrib to lamina.— At 1" from base, 
18 ■. 100 ; at 6". 20 : 100 ; at 12", 15: 100. The midrib is propor- 

tionateiy narrower tlian in KotluL 


TERG OR TERERU. 


!. (0*:NEHAL remark.'^ on OI.STRUUJTTON and AOlUC^rLTrRAL 
AND <'!HEMICAL CHARACTERS. 

A. 'riiis is vciy like Dhauhi of Gardaspiir hut witli ivory 
luarldno's, hi Ourilaspur district, where it is rournionly found 
mixed wii-k the ioeal Dhauhi, it is looked upon as a fairly good 
(juality cane and the pres(UK‘C or absence of ivory markings is said 
to he a riLiesbion of weather conditions. Soniotimes a crop Ih'oin 
typical Tern seed will, in the next year, show no ivory markings, 
it- is said. Oi! tlie whole Dhanlu is preferred to Tern in the (.^l•nrda^“ 
])Hr district. In parts of Jnllunder, Ludhiana and Ambala dis- 
tricts it is occasionally met with as a mixture in the Dhanlu of 
Philkiicr crops. Generally tlien the ivory markings are^ present 
])nt oceasioiially they arc absent and then the cane is identical with 
the Dhaulu of GurLspiir. In both cases the canc is known as 
EMmr or Ghorm and is much disliked, as it is said to yield A’-ery 
inferior juice and the better cultivatoi's discard it when selecting 
cnttiros'for seed. In the Samrala Tohsil of Liidiiiana district the 
ivorv markino-s are sometimes very lieavy indeed. (There appears 
to be no rearmorphologieal difference lietween Tcreru and DJiaulu 
of Gi’daspni'. The name signifies, I am told, a streak, and the cane 
is dist-iiiouished liy the greater luimber of ivory markings which 
it shows" on blie stem. These markings are lioAVever explained in 
different ways by the cultivators. Some state, as noted already, that 
t-lieir presence indicates a condition of drought, while otliers stead- 
fa-stly adheri' to the opinion that Tereru is a different cane from 
Dhauhi. It appears to me that the specimens which were brought to 
me were sought out for their abundance of ivory markings and I 
suspect that they were drawm ec[ually f rom Dhauht. and Tereru p ots. 
lliat the marldngs ni-e not constant is, I think, shown by the fact that 
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.,f (ho (>(| oniu'S oxamiiiod at Gm-aasiMr, sowir typioat 'IWcrn 

rintiiiPs (mlv acvcii had tlio markings at all in oYnUnn-c. It was 

nlsu (. 11111.1 <|nit.. possiWcto filitaiii typical re, rn, canos Iron, tl,.. 

Dhwih, plot. ACtnr a earefnl morphological stndy. no uitrinsu- 
diflcronco was fonml lictween the two canes. Taking tlio«' lac s 
into consiacration it was deemed mmecessary to detail a hill des- 
cription of this cane from the accnmnlated notes. The measure- 
ments arc however given as these do not altogether agree with one 
anotlier nor with those given for Dhmdu. Further study may 
show that these two cane,s represent different conditions ami simh 
are likely to he. evidenced hy the groirth of the canes.--( . A. 1..) 

B. A soft cane generally yielding ikiMmr on good soils. I ic 
varietv is classified as semi-resistant to fro.st on the re, suits of the 
last tiiree years’ experiments. The average compositiov, ot the, 
juice (average of the last three years) is 



The variety ripens late in February. The sample of gnr made from 
it on the Agricultural Station at Giirdaspur yielded fiS'l.i per cent. 

of sucrose. 

(For the details of sections A and B, 1 am indolhed to Messrs, 
Southern and Barnes respectively). 


2. List ot specimens examined. 

Censes ahoiit six months old 

{a) Gurdaspur, September .1913. Farm plot,^ irrigated ; 12 
canes exarainod of which six were measured as to joint, leaf-sheath 
and lamina. Tlie canes were drawn and the plot jihotogTaphed. 

Crmes alnorl ion months old. 

{!)) Gurdaspur, January 1914. Farm plot, inigated ; 25 canes 
examined of whicii the joints were carefully measured in 20, The 
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raiipis wore drawB and pliotograpliod to scalo, a typical joint was 
paiiitcd ainl tiic fu'id was pliotograplied. 
f'V///c.s' (thou! fmh'f' moiUhs old. 

(c) (InTdaspnr, Marcli 1913. O^dtivator^s field, rainled ; 7 
canes were examined and photographed to scale. 

(d) Harchowal, March 1913. Cultivator’s field ; 6 canes NYere. 
drawn and photographed to scale. 

3. General characters of the vapjetyl 
These have lieen mentioned above and the diflerences from 
Dlmnln disenssed. 

4, Cane measttrements. 

Number of dead leaves af sw months old. 10 to 15, averaging 13. 
Lenejt]} of cane and shoot after stripfmg these : cane 3'3'', shoot 

Total length of ca/ne and number of joints at six and ten months, 
{a) Total length 66' 1", mimber of joints 24. 

(b) Total length 70- 6", number of joints 24. 

Total length divided hy average thicJmess at the middle, l~t, 

{a) 130, {h) 150. 

Length of joinls in different farts of the cam, in inches 

{a) TO, T5, T9, 2*2, 2-7, 3*3, 3‘S, TO, 4'2, Tl, 3*8, 3*7, 3*5, 
3*4. 3*7, 3*5, 3*3, ^'2^ 2*7, 2*2, 1*3, 0*6, 0*3, 0*1. 

(5) 3*1, 3*6, 4*1, 4*6, 4-5, 4*4, 4*2, 4*2, 4*4, 4*3, 4*0, 3*9, 3*8, 
3*4, 3-1, 3*1, 2*8, 2*2, T6, TO, 0*7, 0*5, 0*3, 0*1. 

Here, as in Katlia, the curves of the six months and ten months 
canes differ very considerably, the older canes showing much longer 
joints near the base and shorter ones near the apex. 

Thiehiess of the cane at various foints. 

{h) Average of 20 canes, base 0*47", middle 0*45", top mature 
0*46". These differences are immaterial and the cane appears to 
])e of practically the same thiclmess all the way up. It is to be 
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jjuttil hrjwcvei' that these nieasiireineiits are of. iDatu.rc joints and 
that the yoiuig'est, Imiri.ature joints at the top, were oit(’‘i} swoHen 
and liarreried, 

(). (.'HAnA(rr.ER oj^ 'phe join'i\ 

Thiehiess, ovaimss. 

(n) Twelve eanes measured at the middle; thinnest 0*4 , 

Hhekcst OTJO", a/veraging O-oO" 

(1)) TiAonty canes measured laterally + medially 

linse t)‘47''-l~0'o0", middle (Vto" + 0‘48". top mature 
0-46" + 0*50". 

From these measurements ovahieiis is not a mai'loHl eharaettM*. 

{() Seven canes, thickest 0'o4'^-{- 0* 58''' thi nnest O't-I. -!-()*40 . 

(d) Six canes. do, 0*58" -1-04) I" do. 0*o0 . 

Lmgth of mriiure joints . 

{a) Six canes, a'xei'a.ge length .‘tl.", average longest 4*4 aver;igi' 
basal 1*0". 

(//) Twenty canes, avera.ge lengtli 5*7", aYei‘a,ge longest 4*8", 
average basal 

(c) Seven oanes, joints judged to be 3" to 5" long. 

{(1) Six canes, joints 2*5 " to 4*0" long. 

9. .Lf.af-sb:ea'I’H. 

(o) Six months oa.n<‘s ; average long<‘st 10*2" ; avarrages o! tin' 

six canes in indies - 

7*4, 7*0, 7*9, 8*1, 8*0. 8*4, 8*0, 8*7, 8*9, 9*4, 9*(;, 9*9, 10*], 10*1, 
9*9, 9*7, 9*3, 9*4, 9*7, 9*7, 9*4, 9*4, 9*2 (8*7, 7*8, 3*2, 0*7, 0*] ). 

10. .Lamina. 

WidtJi .1*0 to 1*2". 

fjOKjlh — A.Yerage lengtiis of the leaves from bas(‘. to apex: — 
21", 2'r)'", 2'5", 2'7", 2'S", 2'9", 2'l.r', 3'l", 3'3", 3'5", 3'5", 
3'G". 3'8". 3'7", 3'8", 3'7", 3'()", 3'7", 3Ti", 3'7", 3'5", 3'3", 2'7", 

2 ' 2 ". 

Aivmge longest 

Pmpor lion of length to 
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!)EB(TtliniON OIM^LATB. 

DhAUIX^ of CSURDASrUR, TERFEU. 

j. A, six iiKBitlis c'.iiHi with rather broad growth rings taking 
part iis tile eurvature of the cane. 

2. A ten nunitlrs eane, slightly zigzag ; the circlet of hairs is 
abseat and a distinct scar line is seen below the dark leaf scar. 

,3. .Lamina and sheath at their iimction. There is no hgiikr 
pj'ocess. 

4. A. jjoriion of tlu^ ligiile with a fringe of minute hai.rs on its 

edge. ^ ^ 

5. (,). The middle joint of 1 with its bud enlarged. .Lhe.!.e 
are few l)ristles in the iatter, but there is a sliglit cuBhion below 
tile l)iid. Tlie circlet of haii's is not present but the top of the 
leal scai: bears a series of parallel grooves. 

7. Another bud of the same eane vith tufts of hairs at the 
bases of the flanges. In 6 and 7 minute black hairs arc seen at tlie 
base of the bud. 

8. A bud from a young, upper joint, more elongated than 
iisiuil and rising slightly ahove the leaf scar. 

9. 10. A. loAver joint of cane 2 with narrow root zone. Its 
bud shoics apical bursting. 

LI. 12. Upper joints of cane with base of leaf sheath clasping 
the stem round one and , a (puarter times its circumfereiice. In 
12 the bud is elongated and rises a good deal above the leaf sca.i. 

13. A joint of Terem with characteristic ivory inaildugs. 






dhaulu gurdaspur. 
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DHAULU OF PHILLAUR. 

1. General remarks on the distribution and olassifioation 

OF THIS CANE. 

A. Found in subnioiitane tracts of Julliindci*j Liidliiana and 
Aiiibala districts, also to a less extent in Flosliiarpiir and tlie nortli 
of Karnal. From the agricultural point of view this variety is 
very like Dkaulu of Gurdaspiir^ in the general hahit of growth, time 
of ripening and outturn and quality of gur. On close examination 
it is found to have a very broad root zone and no pronounced growth 
ring, dihering in both these respects from DJiaiilu of Giu'daspur 
and Tereru, The buds thus seldom reach the groMiih ring. The 
joints are also iiiucli bulged on the side opposite to the bud, there- 
by giving the cane a somewhat different appearance when cut. 

(1 am indebted to Mr. Southern for the above information.) 

B. As stated in the Introduction, I have not met with this cane 
in the field. Shortly after my last visit to Gurdaspurin January 
1914, Mr. Southern, touring in the Ludhiana and Jullimder districts 
and fresh from the study of the varieties collected at Gurdaspur in 
which he took much interest, wrote to say that he was convinced 
that the Dliaulu met with in these two districts was distinct from 
that in Gurdaspur. Specimens were accordingly sent down to 
Coimbatore where they were at once seen to be an additional mem- 
ber of the Punjab canes, differing in several important respects 
from the Dhaulu already examined from Gurdaspur. The canes 
sent down form the basis of the present description. They were 
not however entirely new to me for the following reasons : — 

(1) Some specimens of Dhcmlii obtained from Juihmder in 
September 1913 were noted as differing in several important res- 
pects from the local Dhaulu of GuTdaspar and threw at the time 
doubt on the fixity of tire characters observed in that cane. 


m STl'IHliS IN INDIAN SlJGARCANES 

(2) 111 eXfiiniiiiiig Kwncmi of JiiMwidey, grown for some years 
oii t he C-turdaspur Farm, in January 19.14, certain canes w-ere Siam 
in fcke sample of a glaucous green in place of tlie liriglii green ol tin' 
Kap.ara and, on further exaininat ion, proved to lie a (piile dilhu'enl 
cane, 

(3) The Dliaur element of Wiaur-Kinari hoiii Meerut sepai'ati.‘d. 
(.nit by tiie farm staff at Gurdaspur, was examinecl aiid ineasureil 
because .[ had failed to obtain good examples of this mixture at 
Aligai.'h, This variety was drawn and measured, and proves to 
belong to the same series. 

(4) A cane of a similar nature called Bodi, growing at (Jurdas- 
pur and received some years ago from Aligarh, was goiu’ tlivoiigh 
as if it was a .Punjab variety, there being some doiililsas to 
whether it liad not e;rept into the more eastern distrhds. 

All four of these are practically indistinguishable from tiic 
iJlmula of Phitta w\ excepting by some slight diffei‘e.nces in thickness 
and other minor points. It was therefore without difficulty that the 
diagnosis was made at Coimbatore from the canes sent down. 
Dhaulii of PhiUaiir is a cane of t he Mango class, and this is of specia l 
interest in that 1 had concluded that this eastern section, of t lie 
North Indian canes was not represented in the Punjah. But it 
difl'ers in some points from the typical momliers of th(‘ section. 
The canes are longer and thinner and grow to a greater lieight iii 
the field than is usual. The Mango class appcnirs to iindmgo this 
change in its migration towards the north-west and Dhaalu of 
Philhar may be taken as representing the extreme limit of this 
elongation, and in fact may be, for the time, eonsidei'ed as a 
eoimecting iuik between the primitive Dhauki of (Jardasjiar and 
the short thiidc canes of the Mango class, of the United Provinct's 
and Bihor. 

2, Specimens EXAMINED, 

The canes forming the bas.is of the folio wing descriptions and 
measurements were received at Coimbatore during tlie 1914 



C. A. BARBEK 


8 §; 

j^eafeon. Xo opportunity lias been a-ffordecl of studying 
ilie foliage cliaracters. The speciinens have apparently comefroJn 
the iieigiiboiiriiood of Pliiilaiir. 

SMiENERAL CHAPwACTERS OF THE VAIUETY. 

Canes thin, practically straight -si detl but slightly zigzag in 
latei.'al view, without prominent nodes, and leaf scars descendi ng. 
(hlour glaucous green to yellow below, yellow in lowei* pait-s of 
joints, i vory markings present in all parts but lower joints often 
free : usually as a few long dark lines in the middle of the joint, 
passing tlirougii bloom band or not ; sometimes anastomosing to 
a dense net-Avork*. Scar line definite, dark brown. Growth ring 
practically non-existent as a separate layer, tins character distin- 
guishing Dhaulu of Fhillaur from all other Fiiniab canes, lioot 
zone broad, Avith ill-arranged widely separated root eyes. Cfrclet 
of hairs present, the hairs short and niimerous. it however soon 
disappears upwards, especially under the bud, although traces are 
met with at other places most of the AVay up the stem. Buds small, 
rounded, sometimes blackening at base, bursting apically as a 
rule not nearly reaching the region of growth ring—aiiother 
characteristic feature. Hairs not Avell deA^eloped; minute blac'k 
liairs present. A few spines on the back of the leaf sheath in the 
specimens received, and the ligules rather large, arched above and 
Avifch a fringe of' fine silky hairs. 

4. C'AXE MEASUREMENTS. 

Total length of pane, RAunage of 18 canes, 59’ 5" with 22*7 joints. 

Total length divided hij average thickness at middle, l.~t. 97, 

Length of joints in did) er ad farts of the cane, in in<3hes 
2'3, 2-8, 3*7, k3, 4*5, 44>, 4'7, 4*6, 4'3, 3'9, 3'o, 3-2, 2*9, 2*2, 
1*7, 1-.1, 1*1). 0-8. Oo, 0-3, 0-2, 0-1. 

There are an unusually large iiiiinber of terminal joints under 
2'" in lengtii. a characteristic feature of the BTango gvoiif. 




ills STUDIES IX IXDIAX SUGABCAXES, 

Thick it oj ihe cane at canons points. 

{()) Base 0‘59''', iukldle 0-60", top inatiire 0-59". Tlicse figures 
siiow ail avei-age cane of surprisingly uniform thielaiess all tlu' 
way up, 

6. Colour oe cane. 

Glaucous green to yellow below; lower parts of tlie joints 
indlowcr. Bloom hand visible, cliiefly on younger parts, not well 
defined belove these ; descending distinctly but not tliicldy over the 
joint, giving a glaucous green above and whitish yellow below ; 
hardly, thinly covering the growth ring and root zone. 

Gi'owlh ring often scarcely a defined ring, but sometimes seen 
as a narrow and darker band above the root zone. Root zone usually 
yellower than the rest. Practically no Uackening (slight in places 
but thinly diffused) ; hliislmig not apparent in the specimens. 

Soar line rather distinct below the scarioiis edge of the leaf -scar, 
dark brown, sometimes interrupted immediately below the bud. 

Ivorg niarhmgs present in all parts, bub the lower joints more 
often free ; usually of a few long dark lines in the middle of the cane 
and here passing through the bloom band or not ; in the upper 
joints a scries of dark, parallel, sometimes anastomosing lines, in 
the upper two-thirds of the joints and passing through the bloom 
baiicL This form is very pronounced in Bodi where abundant 
splits occur. In Dhciulu of Pliillmr, splits are also present but not so 
pronounced and arise from the ivory markings. Groove marks 
practically absent but the harsh black incrustation indicated here 
and there. 

6. OhafvActers of the joint. 

Thickness, ovalness. — The thickness probably varies a good 
deal in diifcreiit fields, some of the lots of canes sent down 
being thicker than others. The following are the a^’eragcs of 
canes, medial + lateral : — 

Base 0‘5lt" + O' (>4", middle O'OO'Gj- O' 03", top mature 0'51)" + 
0‘(33". There appear to be little traces of ovalness in any part. 
‘ caiic lieinu reniarkabiv cvlindrical. 


C, A. BARBER 


oi 

Lengili of mature j oinis.— A y age length iu 18 canes 3*6", aver- 
age longest 5*6", and average basal (shortest) 1*6". 

Shape viewed medially, — Practically straight -sided, without 
prominent nodes ; thickest at the leaf scar or region of the growth 
ring : root zoiie naiTowing downwards, hence the whole joint possibly 
vslightly narrowing upwards ; younger, upper, immature joints 
distinctly bulged, especially in their lower third. 

Shape viewed latemllg. — Slightly zigzag with slight but distinct 
swelling below behind, the root zone taking part in tlie general 
downward curve ; hence the whole joint long concavo-convex, the 
upper iminature joints are more plano-convex, the thickening being 
behind. 

Leal-scar slightly biit distinctly descending, especially in the 
upper joints ; in the lower joints the scars tend to an alternately 
horizontal and descending povsition, as in many of the Mango group. 
Sometimes a distinct remnant of the leaf-scar forms a scaiious lip 
under the bud. The is not decuiTent. 

Circlet of hairs present, short and numerous. Soon disappear- 
ing under the bud upwards on the cane, but some reinains usually 
found right up the stem elsewhere, sometimes felt-hke. 

Groove absent. 

Root zone, moderately wide, wth moderately distinct eyes, 
widely separated and not forming definite rings, the lowest C 3 'es 
often at some distance from the leaf-scar ; two to three rows. 

Growth ring rarely traceable as a distinct band ; often prac- 
tically absent, although the root zone has an upper boundary. 

7. Bub. 

Occasionally swelling below but hardly shooting; bursting 
more or less a.pically, but sometimes tending to a sliglitly dorsal 
opening. 

Small; rounded, sonietiines blackened abo^'c ; not nearly read i- 
ing the growth ring except in young, upper joints. 


Rising I'l-uiii tilt Joai-scar with occasioisaliy a siiutll, but (Ua- 

lijid' (iiisliluii. 

Flmiijes, usuaUy iiarrow boi'clers round tlie upiun- pai-t id tlie 
bud, lining liigli up, and often dark coloured ; in yoiuigel joints 
rising lower down ; never very pronii.nent. 

Jh'isiles ni.eagre. confined to a few^ strongisb. liairs round tlu- 
apex ■ Imnl paldtes usually absent,, but oocasionally indicated 
d!.’ e\eii ].).i;e.s<‘.rit ; nitniile hlack hm/ys present. 

8. Leaf-sheath, 

.From tlie lew fslieatFs attaclied to the canes sent down there 
appear to be a few^ on tlie back. The kgideis rather large 

and projecting iipivards, rounded or angled broadly, vith a fringe 
of longish silky Imirs. These characters will need checking. 

DBBCRIPTiON OF PLATE. 

Dhaulu of phillaue. 

. 1 , 2 , 0,4. Drawings made Ironi one selected cane, the base, 
middle, and upper portions shown, as -well as the end of the 
shoot/ The buds are small and rounded, becoming elongated 
only near the tip (4«). Biirstingis rather dorsal in the low joints 
but soon becomes apical. The root zone is very wide but The eyes 
are rather irregularly disposed. The growdh ring is practical y 
absent, being occasionally indicated by a change in colour. Ihe 
circlet of hairs is present only in the lo wer joints (1?)) and soon dis- 
appears, and a sharply defined scar line is present. In the present 
case the scar li ne is interrupted under the bud but this is not usually 
so. The ivory markings are not common in the lower joints but 
iuereasein numbers upwards and there often pass through the bloom 
band and sometimes develop into splits. The leaf-soars are not 
accurately horizontal hut are distinctly descending in piace.-?, 
especially in the upper joints. 

ll>, 2a, 2b, 4«. Buds from various parts enlarged. The 
bud is not hai ry ; a f cwv bristles are seen, but basal patches are usually 


C. A. BARBER 


D3 


absciit ; uiijiiito black Lairs are proscut (base of 4u). The ifiiriges 
arise liigh up and are Ireqiiently dark coloured, fonuiug a. sliarply 
luarked Iwider round tlie upper part of tlie burl, lu Aa the haul is 
elongated, us is usually the case so high up th.e stein, tlie flanges 
arise lielo'y tlie luiddle and tlierc is a trace of cushion under the 
bud. 

5. A couple of j uDctions of laiuiiia and sheath. The sped iviens 
u'ere dried up when they arrived but appear to sliow ;t small ligular 
process and a rather high, arched ligule. The hairs on tlie edge of 
the latter are longer than in the Katha gToup. 


















KAHU. 

1. (tEXEIHAL EE.MATiKS ON DT.-^TRTBCTTTON AND AOIlTOlTLTTriiAL AND 
C H E MT AL OH ABA OTERS. 

A. Kah( is to bo foiiiKl wiclel} (iistributod over tlio Provinoo as 
a eiiewiiig cane Hoar towns. As a gur-Hiaking oano it is piuodoaiiy 
ooiifinod To tlio Cbirdaspur district, wlicro tiio conclitions Cor its 
growth arc specially suitable. It is a groon cane becoming jialer on 
ripeuiiig. with broad leaves and a tall growing hahit. It is 
the thickest cane in the Province from which gur is made. 
It rerpiires more water. l)etter land and cultivation tlian any of the 
other varieties and is subject to red rot. It ripens very late, yields 
very hea^nlv and gives gur and slialclcar of very superior quality. 
It has a soft rind which accounts for its being a favourite for ehow« 
ing purposes. 

(/M?KlifCersinmany respects from all the other Punjab canes. 
It is the only ganna cane and, as these are frecpicntly wiped out by 
disease, its susceptibility to red rot is explained. I liave no inform- 
ation as to tlie migrations of this cane, but its allies are Dikchan, 
PamaJd, Lata, Maneria, Ch/nia aud Yuha. — 0. A. B.) 

B. A soft, thick, juicy cane, yielding a poor quality of giir in 
frosty seasons ; it is planted mainly on canal irrigated land but is 
beginning to extend to cJiahi and saitah lands as well. The variety 
was classified as ” quickly afltected by frost but quickly recovering “ 
in the season 1912-3, but this year has been non -resistant;.'’ 

The average composition of the juice {average of the last three 
years) is : — 


Month. 



Sucrose % 

Invert sugar % 

Novembot 



10-75 

4-14 

December 



■ 12-47 : ^ ' 1 

2-37 

January 



13-34 i 

2-00 

February 



14-4.5 ■ i 

1-fil 


ft is fiiilv !;ipe about the end of JiinuaiT. The gur iiiade froiu 
va.i-ioiis s])e(‘iin(n'i8 ol; tlie variety yielded ;t sucrose content of iroin 
per I'ent. to 74’ It per cent. 

(For sections A and B f am indtdjted to Messrs. .Southru-n 
find Barnes respectively.) 

2. List OF SPECIMENS EXAMINn^^^^ 

*S/;c iiion/hs old. 

ia) ( hirdas]>iir, September I9KL Barm plot, irrigated ; .12 
canes examined, of which G were carefidlv measured as to joints 
and folifige characters, t.'anes and leaves drawn and Indiit of the 
tield, ])liotooM'a.plied. 

Ten months old. 

(/>) Lurdaspur, January 1014. Barm plot, irrigTdaai ; 25 cfines 
examined, of which 20 \cere measured as to thickness and loigth of 
joints, (.fanes drawn, painted and photographed to scale. Haliit 
of the field photographed. 

TweTve months old. 

(c) (Jirrdaspnr, Mai.(di lOlJ. .Bazaar eaues (irriofitivl) ; (5 e.-iiU'S 
examined, drawn and photographed to scale. 

id) Gurdaapur, March 1013. JLizaar canes (j'ain-fed) ; (5 canes 
examiinnl, dinwn and photographed to scale. These eanes appeared 
to be irregular and immature. 

(c) PTarehowal, Mnreh. 1013. (Julti vator’s lieid ; (> eaues I'x- 
omiued aud photographed to scale. 

Most attention was paid to the first four of these sets of eanes, 

3. General criABAOTEKS o.f '1'h.e vartei'y. 

Kaloi is a moderate sized, lipstanding variety with a Iknivv top 
of foliage. The canes are thick as compared with otlx'rs of tlie .Pun- 
jab audt lie ri ndis so.[t. The joints are arrangi'd. i u a zigzag manner, 
with slightly deeurrent leaf-sear end, bulged above the growth ring 
which is depressed, with swollen root zones ami prominent nodes. 
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Tlie (uines are glaucous green to yellow, ])lusliuig purple where ex- 
posed between the leaf -sheaths. Ivory niarkiiigs are absent. The 
eij‘clet of hairs is reduced to a few long stiff hairs under the buds. 
The ])uds are larg<^, ovate pointed, exceeding the growth I'ing, often 
arising some distance above the leaf-sear and provided with a dis- 
tinct cushion. Bristles fairly developed but basal patches often 
meagre, minute black hairs present especially in the lowei* parts. 
Leaves broad and curving broadly hack, closing into a rather dense 
tuft at the top. Bheaths not (dasping the shoot widely and with 
eharaeteristic pui'ple blotches while living. Ligiilar processes 
absent. 



4. (Iaxe measttrkments. 

Dead leaeee: ai six moiUhs old. 7 to 14, ave imaging 10. 

Lefajtli of caae and of shoot after strlfpiia/ these, Cane 2' 4", 
shoot iV 4", suggesting late development. 

Total leuffth of e/me and namher of johds at six and fen nwnths, 
{a) 47-2" with 18*2 joints. 

{h) o7‘3" with 21*0 joints. 

These figures show'' a marked difference from those of other 
Punjab caiies and appear to strengthen the idea of late development. 
A good deal of growth apparently takes place after Beptemher. 
Total length divided hg axemge thicJmess at the middle, 1 t : — 

{a) six months canes, 56. (6) ten months canes, 74, indicating 

that the September canes had not reached their mature form. 

Length of joints in different farts of the cane, in inches ; — 

(u) Average of 6 canes, 1*9, 2*7, 3*1. 3*2, 3*2, 3*3, 3*3, 3*4, 
3*5, 3*4. 3*2. 3^3, 3*2. 2*3, 1*7, 0*8, 0*4. 0*1. 

ih) Average of 20 canes, 2*7, 3*3, 3*8, 4*2, 4*2, 4*1, 4*0. 3*8, 
3*(), 3*6. 3*3, 2*9, 2*7, 2*3, 2*0. 1*6, 1*3, 0*9, 0*5, 0*3, 0*1. 

On comparing fhese two series of figures we note, as we did in 
Katha and others, that they differ i ii two re,spect s. In the first place, 
the older canes have a larger number of short joints at their ends, 
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the niimmiim 0*1" joint being much more gradually reached than in 
the six months canes. This we have put down to cessation of the 
growth in length at the end of the growing period. The older canes, 
in the second place, have, on the whole, longer joints at the base 
and sooner reach their maximum. 

Thichness of the cam at varioim points, — The canes in KaJm 
are remarkably uniform in thickness in different parts. Occasion- 
ally they commence with half a dozen shorter joints, and these 
are narrow below and thicken upwards. Generally, there is a 
slight narrowdng upwards in the upper half of the cane. The 
measurements of the 20 ten-months-canes were as follow — ■ 

Base 0*75", middle 0‘75", mature top 0*72". 

5. Colour of cane. 

The cane in KaJiu is of a glaucous green or yellow colour, the 
skin being light green or yellow under the bloom. The joints are 
yellower at the base. The youngest ones in the terminal shoot are 
apple green before the bloom appears in any quantity. The bloom 
band is moderately distinct as a band descending over the joint, 
even the growth ring occasionally lining scales of wax on it. 

The growth ring is green to brownish yellow according to age, 
but it is not a very marked layer. The root zone is cream coloured 
to stone yellow and ultimately brownish yellow, sometimes heavily 
bloomed. 

Blachening is frecj[uent, especially at the top of the joints where 
the bloom is greatest, these two being inter-dependent. Blushing 
of the joints is a constant character, those exposed to the light 
between the leaf -sheaths assuming a dark purple due to a brown 
sldn under the bloom. 

There is a scar hne rather than a scar hand above the bloom 
layer, but it is light in colour and not very pronounced. Ivory 
markings are apparently absent, as well as splits, Tha groove 
appears to be. without marks of any significance, 
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6. Chaeactees oe the joint. 

TMchiess, ovalness.— Ayemge tMckness in the specimens 

examined, lateral + medial : 

(a) 12 canes 0*36" to 0*88", averaging 0*84". 

(5) 20 canes base 0*75" + 0*75", middle 0*75" + 0*78", top 
q.>j 2"+0‘76". Average tMckness at the middle, 0*77 . 

(c) 6 canes, tMckest 0*81"+0*83", thinnest 0-64" 4- 0*72". 

{(I) 6 canes, tMckest 0*81" + 0*78", thinnest 0*52" 4 0*30" (im- 
mature). 

(c) 6 canes, tMckest 0*82" + 0*84", thiimest 0*67" + 0*69", 
These thicknesses show remarkable iinifornnty, allomng for 
the canes in {d) being unripe. There is also extremely little ovahiess. 

Length of mature joints. 

(a) average mature joint 3-2", average longest 4-6", average 
shortest 1*0". 

(h) average mature joint 4-7". average longest 6-0", average 
shortest 1*0". 

S/mpe viewed mc*a%.-The joints of Kahu, viewed medially, 
are more or less straight-sided in the middle, but, orvmg to the 
prominent nodes, assume a general biconcave aspect, especially m 
the shorter ioints. There are, however, a number of charac- 
teristic local swellings common to many canes, which are some- 
what pronounced in most Ka/m stems. The following may be 
taken as a typical, well developed joint :-the leaf-scar is the 
thickest part ; above it a more or less protruding root zone narrows 
upwards in a symmetrical curve on either side; the growth ring 
is usually thinner, perhaps the thinnest part of the joint , im- 
mediately above it a slight symmetrical swelhng of the lower part 
of the joint causes the growth ring to lie in a depression exactly as 
if a string had been tightly tied round the joint at this place ; 
the joint then narrows upwards ivith curved surfaces to just 
below the bloom band, wHch is again one of the thinnest parts 
of the joint ; from this point the joint thickens out broadly and 
symmetrically through the bloom band upwards to the leaf -soar. 
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tJie minimum 0*1" joint being mucbmore gradually readied tliaii in 
tlie six iiioiitlis canes. Tins we ha Ye put down to cessation of the 
growth ill length at the end of the growing period. The older canes, 
ill the second place, ha Ye, on the whole, longer joints at the base 
and sooner reach their maximum. 

Thickness of the cane at various points. — The canes in Kahu 
are remarkably uniform in thickness in different parts. Occasion- 
ally they commence with half a dozen shorter joints, and these 
are narrow below and thicken upw>'ards. Generally, there is a 
slight narrowing upwards in the upper half of the cane. The 
measurements of the 20 ten-months-caiies were as follow : — 

Base 0*75", middle 0*7o", mature top 0‘72". 


5. COLOUE OP CANE. 

The cane in Kahu is of a glaucous green or yellow colour, the 
skin being light green or yellow under the bloom. The joints are 
yellower at the base. The youngest ones in the terminal shoot are 
apple green before the bloom appears in any cjuantity. The bloom 
hand is moderately distinct as a band descending over the joint, 
even the growth ring occasionally h^ng scales of wax on it. 

The groivth ring is green to brownish yellow according to age, 
but it is not a very marked layer. The root zone is cream coloured 
to stone yellow and ultimately brownish yellow, sometimes heavily 
bloomed. 

Blackening is frecpent, especially at the top of the joints where 
the bloom is greatest, these two being inter-dependent. Blushing 
of the joints is a constant character, those exposed to the hght 
between the leaf -sheaths assuming a dark purple due to a brown 
skin under the bloom. 

There is a scar line rather than a scar hand above the bloom 
layer, but it is light in colour and not very pronounced. Ivory 
markings are apparently absent, as w^ell as splits. The groove 
iippears to be without marks of any significance, 
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6. Chaeacters oe the joint. 

TMehness, omkess.— Average tMckiiess in tlie specimens 
examined, la.teral + medial : — 

(а) 12 canes 0*36" to 0*88", averaging 0*84". 

(б) 20 canes base 0'75" + 0*75", middle 0*75" + 0‘78", top 

0‘72"+0‘76". Average thickness at the middle, 0’77''. 

(c) 6 canes, tliickest O’Sr'-hO'SS'', thinnest 0*64" + 0*72 . 

{d) 6 canes, tliickest 0*81" + 0*78", thinnest 0*52M 0*50" (im- 
mature). 

(e) 6 canes, tlnckest 0*82" + 0*84", thinnest 0*67" + 0*69". 
These thicknesses show remarkable uniformity, allowing for 
the canes in (d) being unripe. There is also extremely little ovalness. 


Leyujtli of mature joints. 

(a) average mature joint 3-2". average longest 4-6", average 
shortest 1*0". 

(h) average mature joint 4*7", average longest 6*0", average 
shortest 1*0". 

Shape viewed medially. -the joints of Kahu, viewed mediaHy, 
are more or less straight-sided in the middle, but, owing to the 
prominent nodes, assume a general biconcave aspect, especially in 
the shorter joints. There are, however, a number of charac- 
teristic local "swelHngs common to many canes, which are some- 
what pronounced in most Kahu stems. The following may be 
taken as a typical, well developed joint :-the leaf-soar is the 
thickest part ; above it a more or less protruding root zone narrows 
upwards in a symmetrical curve on either side ; the growdh ring 
is usually thinner, perhaps the thinnest part of the joint ; im- 
mediately above it a slight symmetrical swelHng of the lower part 
of the joint causes the growth ring to lie in a depression exactly as 
if a string had been tightly tied round the joint at this place ; 
the joint then narrows upwards with curved surfaces to just 
below the bloom band, which is again one of the thinnest parts 
of the joint ; from tliis point the joint thickens out broadly and 
symmetrically through the bloom band upwards to the leaf-soar. 
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As tliesp local tliickeoings occui in Aoxrioiis dcgivcs in oilu'r 
cnncs, it. oiav be foimd convenient to include tlnnii in nm* com- 
pr(*hfnsive term, UnfortimatelY there is no sucli term Icmnvii 
to me in comparative morphology but, ignoring tiu' root y-omn \V(' 
may peihaps describe the joint as " ovate campnnutil i'/“ 'rids 
portion hastlie form of an ornamental urn and the root yoiu' lias the 
appcnrance of a suitable pedestal for it to rest on. 

The root zone is not swollen in the inimature canes (d) a.nd in 
these t^ven narrows dorvnwards. In the short joints at tlu' base 
of tlie cane, the shape is so far altered that the joints ar(‘ nariow 
helow and. thicken liroadly upwards. 

tViape rietml lalercM The joints are markc'dly zigza,g ; tlu' 

general shape is concavo-coin^ev, witli a distinct swelling below 
liehind a.bove the root zone. Wliere this swelling is not present 
tlie joints ai'e biconcave, for instance in the young upper joints 
of tire eaires. The typical joint lias its anterior surface concave' 
and its posterior distinctly sigmoid. 

Leaj-mirs often slightly descending, with or without a short 
strong lip. The outer end of the leaf-scar is often dark and sharply 
marked and is sometimes distinctly decurrent. 

Circlet oj hairs not well developed in Kah>e being restricted 
to a few strong straight haii’s under the bud lielow and soon 
disappearing upwards. There are usually no hairs at othei: parts of 
the circumference. 

(rvoore fairly well marked in thicker canes, often not distinct 
ill thinner ones. 

Root bloomed, usually t ubercled below, swelling bell-lilce 
downwards, sometimes flat or even narrowing downwards, but this 
is usually flue to the joints being young and immature or poorly 
grown. There are two rows of large eyes or one large one below 
ami smaller ones above. Ivory markings liave not been noted 
in the root zone. 

Croivth ring not usually a very .marked or wide ring ; often 
narrow and inconspicuous and generally depressed. Tlie low(u.' 
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UDirgiii i;:! iisualiy well cleiiD.e([ but tlie upper is ofteii rather diliieuit 
to mak(' out. exeept by the cessation of i)!ooni and the ceJiisepiient 
chunges in colour. Waxy tlakes of bloom luive ))eeii noted in sonic 
parts of the cane on the growth rino’. 

7. Bud. 

These Were not infrettueutly 67wo^mf/ intlie speciniens exaniiaedj 
usually hiir.sfItKj at the apex. They are large, elongated, ovate, 
pointed, extending beyond the groAvth ring : they often rise above 
the leaf-scar and liave in conseepieiice a more or less deveio])cd 
cushion. 

The flanges are regnlarly present, rather narrow and extending 
beyond the apex. 

Bnstles moderately dev'eloped, sometimes white and confined 
to the inner part of the flange : basal, patches present or not, meagre, 
their place being sometimes taken bynnimite black hairs. Minute 
hlacl: hairs present, chiefiy near tlie nasal patches and sometimes 
taking their place. 

8. Leafy shoot. 

Leaves moderately widely spaced on the stem but closing in 
at the upper end to a congested tuft, this being especially noticeable 
in the older canes w'here all the yoiiiiger leaves are dead. Usually 
about 7 visible leaves in the ternmal tuft, placed in the last two 
inches of the shoot. 

N'Umher of terminal jocnls under 2" long, t in the six months 
eaiies, 0 in the ten months. 

(а) six months old 2’8". 1'7"; O'S", 0’4/^ O'l . 

(б) ten months old 2*0", 1*6", 1’3', 0‘9 , 0*5 , 0*3 , 0 1 5 
showing the slower apical growth in the maturing canes. 

9. Leaf-sheath. 

LerujA of the sheaths in the young, vigorous, six uiouths old 
plants ; average of six canes, in inches ; — 8‘0, U'O, 9‘i, 8'U, S'9, 9'1, 
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9 - 4 , 9 - 3 , 9 " 4 , 9 - 3 , 9 * 3 , 9 * 6 , 9*5, 91, 9*2, 9*1, 8*8 (8*2, o*5, 1 * 0 , 0 * 3 , 0 * 1 ). 
Average longest in the six canes 10*3". 

The colour of the dead leaf -sheaths is perhaps slightly pink- 
but a good deal obscured by blotches of brown. The living sheatlrs 
are characteristically marked by dark purple stains, this colouration 
being seen in all the members of the class. They are rather heavily 
bloomed. The scanous harder arises late and is apparently a result 
of the death of the edge of the lamina above it. 

There are no silicious but the surface is rough behind. 

The minute hairs between the veins behind are distinct under the 
lens and black coloured below. The base of the sheath does not 
clasf the stem mdely. 

Ffo'portional 'width of sheath to la/mi-m at fiinction :--20 : 24, 
18 : 22, 20 : 23. As a natuiul consecpience of these small diiferences, 
the ligidar frocesses are absent. Ligule very narrow, mth a lozenge 
in the middle, hardly clothed on the edge with minute hairs, which 
soon disappear. 

10. Lamina. 

W'idth considerable, about 2^^ on the average, the maximum 
width varying from 1*8" to 2*2" in the six canes examined. 

Length. Average lengths of lamina in six canes, 2' 0", 2' 6", 
2' 11", 3' 0", 3' 2", 3' 2", 3' 3", 3' 5", 3' 5", 3' 6", 3' 9", 3' 11", 3' 10", 
3' 10", 4'0", 4' 0", 4z' 0". Average longest 4' 2". 

These are the visible leaves. It is quite probable that greater 
lengths might have been reached later in the season. 

Proportion of length to ividth, 23 to 1, very different figures 
from those usual in the Punjab canes. 

'Not Ghannelled : slightly, loosely embracing the shoot at the 
base, the edges sinuate at the base. Transverse marks dull or 
brownish green, varying. Serrature at middle harsh persistent, 
of short, sharp, close-set, rather straight, low-lying spines. 

Proportional 'width of mid-rib to lamina, at base, 0*20 : 1*50, 
at 1", 0*20 : 1*53, at G", 0*20 ; 1*56, at 12", 0*19 : 1*75. 
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DESOEIPTION OF PLATE. 

Kahu. 

1 . Joints of a six niontlis cane. Tliese are concavo-convex, 
with a swelling below behind. They are zigzag but the leaf-scar 
is practically horizontal. The root zone is swollen, increasing in 
thickness downwards. The growth ring is narrow' and depressed. 
The bnd is large and bulged below^ ; its tip j)rojects beyond the 
growth ring. There is a distinct, blunt shelf or ledge under the 
bud forming a truncate lip. The circlet of hairs is not in evidence. 

2. The low^er part of a ten months cane. It is blackened 
below, especially in the upper part of the joint. The characters 
noted above are maintained. The leaf-scar ending is distinctly 
decurrent for a short distance, as seen in the two upper nodes. 
2a is the enlarged bud of the top joint. 

3. 3a. Medial view of a couple of joints of a ten months cane. 
The characteristic shape of the joint is seen from leaf -scar to leaf- 
scar ; this has been called ovate cainpanulate above the root zone 
and the latter thickens bell-like downwards. The remnant of the 
circlet of hairs is seen as a few strong bristles under the bud. There 
is a well-marked cushion, the bud rising at a little distance above 
the leaf-scar. The bud bursts apically and is ovately elongated 
or even triangular. The flanges arise low downi and form a narrow 
border to the upper part of the bud. Hairs are not very pronounced 
but bristles and basal patches are present. 

4. The upper part of a ten months cane showing the leaf- 
sheath clasping the stem narrowly. The base of the lamina is 
not very much narrower than the leaf -sheath and there are no 
ligular processes. The ligule is narrow but has a lozenge-shaped 
expansion in the middle. The hairs on its edge (8) are meagre and 
quickly disappear. 









KAKARA or jullunbek. 


1. OeNEHAL EEMAEKS on DISTRIBUTION AND AfOtlCULTlTvAL 
AND CHEMICAL CHARACTERS. 

A. Kmiara is very little grown in tlie Punjab, altliougii it is 
often seen in small Riiantities in the submontane tracts to the east 
of the Beas.. !t is an iininiportant cane from the agriciiltm-al point 
of view. - 

It is slightl}" tliicker thaii Dhwdu oj Gurdas^pur and ripens to 
a bright green colour. It is very seldom grown pure, has a soft 
lind and is niostly used for chewing. Owing to its soft jind it is 
very liable to be wiped out by frost, which happens ])eriodically 
ill severe winters. {Kanara is interesting fi'om the rnoi'pliologieal 
point of view and appears to me to present several primitive chain c- 
ters. In the Introduction I have stated the case for its periodii' 
introduction from the neighbourhood of Meerut, but it.s very narrow' 
leaves and the persistence of the circlet of hairs bring it iK'ar to tlu' 
primitive Katha canes aiul it is possible that it. like Kdllia and 
Dhaidi', may have been derived from Sacohanrm spoida/ie/nn. 1 
look forward to tracing its relationships in other PiDviiunrs and 
may some day lie able to suggest a line of development divergent 
from those given for Katha and Dhaulu to thicker canes fiii'tlier 
east. 0. A. B.). 

B. A cane which, being harder tlvAii Dhaulu and softer than 
Katha. gives a juice of high specilic gravity, but yields a less (jiiaiitity 
under the iron helna than all of the other seven types under report, 
it is new to the District and was planted on the Farm in the season 
1913-4, wdieii about half of the plot gave shakhar. The variety 
may be classified as semi-frost-resistant on the results 'of tliis 
seasoifis experiments. 
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The average composition of the juice in the season was 


Mouth. 


NoTcmber 

December 

January 

February 


Sucrose % 

Invert sugar % 

11 -SI 

4-1!) 

13-47 

2-76 

14-19 

2-40 

16-17 

1-22 


It is fully ripe about the middle of February. 

(For the details in sections A and B, I am indebted to Messrs. 
Bout hern and Barnes respectively). 


2. List op specimens examined. 

The specimens examined were from the farm plots at G iirdaspur 
for which the canes had been obtained from Jullimder. 

Canes six months old. — {a) G-iirdaspur, September 1913. Farm 
plot, irrigated ; 12 canes examined, six of which were measured 
as to their joints, leaf-sheaths and laminas. Canes drawn and 
field photographed. 

Canes ten months old. — (6) Gurdaspur, January 1914. Farm 
plot, irrigated ; 25 canes examined of which 20 were measured 
as to their joints. Canes drawn, painted and photographed to 
scale and the field photographed. 


3. GenePvAL characters of the variety. 

In minute points this cane seems to stand somewhat between 
Katha and Dhaulu of Gurdaspur. Canes moderately thin and 
often oval in section, grooved, straight, with shorter joints and 
more pronunent nodes than in Katha, and therefore the joints 
biconcave, especially in medial view. Colour bright green, the 
bloom not descending much over the joint and thereby hiding the 
natural colour. Cut and stripped canes soon turn a bright red pink 
on exposure. The red brown marks in the groove seen in If cAi are 
found in Kanara, There is either a scar line or a scar band. 
Ivory markings are not common but, when they occur, they fre- 
quently pass through the blooni band. Circlet of hairs present, 
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persistent all tke way up, the hairs becoming shorter and fewer 
upwards. Buds short, small, squared, not reaching the growth 
ring, bursting dorsally i not well pro\4ded with hairs, but minute 
black hairs present. The leaves are very narrow, although some- 
what wider than in Katfia ; the young leaves resemble those of 
Bliaulu of Gufdasfuf in being erect, strict, without bent tips. 
The lamina is rather channelled at the base, the leaf -sheath does 
not embrace the stem widely and the ligular processes are small 
or absent. 

4. Cane measurements. 

DeMcl learns at six months old, average 10, 

Length of six months cane after stripjjing dead leaves. — The 
canes averaged 2' 4", the shoot 6' 3". These figures suggest slow^ 
initial growth in this variety. 

Total length of cane and number of joints, at six and ten 
months : — 

Six months canes (a) 49*6" with 21*3 joints. 

Ten months canes (5) 54*2" mth 25*5 joints. 

Total length of strvjrped cane divided hy average thickness at the 
middle, 1. t. 

{a) 82, (6) 85. 

Length of joints in different parts of the cane, in inches : — 

{a) 1*3, 1*9, 2*4, 2*7, 3*0, 3*0, 3*1, 2*9, 3*1, 3*0, 3*1, 3*0, 2*9, 
2*6, 2*7, 2*6, 2*1, 2*1, 1*1, 0*3, 0*1. 

(6) ri, i*5, 2*0, 2*4, 2*8, 3*0, 3*2, 3*3, 3*3, 3*1, 3*0, 3*1, 
3*1, 3*0, 2*9, 2*6, 2*2, 1*8, 1*6, 1*3, 0*9, 0*6, 0*4, 0*2, 0*1. 

A comparison of these two sets of figures show^s at once how 
rapidly the end of the shoot is growing at six months and how 
slowly at ten. It is also to be noted, that the basal joints of the ten 
months canes are not any longer than those at six months, as is 
the case so markedly in Kahu and Ijalri. The two series of measure- 
ments are so similar that w^e can readily beheve that w^e are deahng 
with the same set of canes at different periods of growth, the measure- 
ments running parallel until we come to the terminal shortening 
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'riiniiiig to tlie full list of nieasureifieiits of wbioli tliisse 
aro 1 1s-;' avcra,uvtf, we do however hiid the two clasvses of ('ar.es r.oted 
ill Kalnj. Tliere is one cane with far fewer joints than the i‘('st. 
and it has long l.)asal joints, and there is also another with an a VfO'age 
imiulier of joints whieh. shows a similar tendency. T!i<' (igiir<‘s lor 
tln.'se two are given below and show that they are fairlv eoniparablc. 
blit that one has an iiii usually large niiinber of short tei'iniual 
joints : — . 

No. 11. 2-7, 3*3, 3-6, 4-1, 4d, 3*8, 3*5, 3*4, 4*3, 4*3, 4*4, 4*5. 
2*2, 2*0, 1*9, 1*0, 0*5, 0*3, 0*1. 

Ko. 0. 2*5, 3*1, 3*3, 3*4, 3*8, 3*5, 3*4, 3*1, 3*9, 4*1, 2*6, 2*2- 
2*5, 2*2, 1*8. 1-9, 1*8, 1*2, 1*2, 1*9, 0*6, 0*5, 0*3, 0*2, 0*1. 

But the great majority, 18 of the 20, have short liasaJ joints, 
gradually increasing in length as in the typical six montJis canes. 
From this we are, 1 think, justiliedin gatliering that the Kunari? 
eanes are rather late in developing, and there is little of tlic distinc- 
tion betAveen early f Grilled and late formed eanes whicli we note in 
certain other varieties. 

Thiohiem of the cane at carious points. — Tlu' canes are practi- 
eally uniform, excepting that the lower joints are sometimes 
short and mirrow. each joint t hi ekening from, base to top. A ver- 
age thickness in (/;). at base 0‘6()'\. at middle 0*60", at top 0*62". 

5. CoLOUK 0.r UANE. 

(Janes green or yellowish green, being yelloA'er in the lower 
parts of the joints. The youngest joints are of a clear apple green. 
The blooin ba/iidis moderately distinct, (^specially in the greener joints 
l,)ut descends coinparati vely little over tlie joint, tlius readily dis- 
tinguishing this cane from the usual glaucous green ones of the 
tract. This colour makes it easy at once to pick out the Dhauki 
admixture in kanam plots. BlacJcening h not iriarkedly present c 
TTie canes blush readily to a rather bright red pink after cutting. 
The gcoictfi rings are greenish to yellomsh brown according to age 
and the root zone, similarly, greenish yellow to bone yellow, kscau' 
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h'ltf is sonietinuNS present of a Hglit browji colour, but a scar hand 
is also soinel'inies inei, •\vitli. Ivorjj markings are not very couiiuon 
auf! tbese oftcji pass througli the bloom band. In the youngest 
parts of tlu' cane tliere is often a .joint with many clo.se parallel 
lines in tlie middle of the joint, as in so many other kinds of Ccanes, 
Tile young parts are often sph'/ in the covered»up bud portion. The 
groove not iivfrefiuently shows the red brown marks whicli liave 
been taken to be characteristic of the KatJia alliance as con’(raste<i 
with tlie DJiamln, 

' 6 . ('lURAC’TERS OF THE JOINT. 

Thickness, otnlness, 

{(() Average of six canes at the middle, lateral + medial 0*;>7" 
+ 0'64". 

{b) Average of 20 canes, lurse (r()0"+0'C)0'', middle 0*62" + 0'f)0". 
mature top 0*6.1" + 0'67". Tliese figures suggest an oral cane and 
tills character is seen, the moment the canes are cut and stripped. 

Length of Mature Joints, 

(a) Avei'age 2*66", average shortest (basal) 1*3". average 
longest B‘5", 

(h) Average 2' 63", average shortest (basal) 1*]", average 
longest 3*8". 

Sha/pe viewed niediaUij . — Bligiitly Iriconcave, tlie growth ring 
lieing the thinnest place and the joints gradually thickening 
npwar’ds ; root zone slightly swollen and the leaf-scar the thickest 
part. Tlence the joint is elongated campaimlate above the root 
zone, and diflers from Kahu chiefly in the less prominent nodes 
and the absence of the swelling above the growth ring. 

Shape viewed latevaUn . — Bligiitly thickening upwards, hi concave 
or concavo-convex, according to the development of the slight 
tliickening below behind. The relative thickness of parts in other 
respects is similar to that in the medial view. 

Leaf-scar, practically liorizontal but occasionally slightly 
descending, aiul without definite J/p, 
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Oiroht of Jiaifs present and persistent most of tlie way up. 
Clettiiig short er and more meagre upwards. 

Groove rather distinct, narrow, ail the way up the j oi i \i . Hn n ic,- 
times with a rather deep depression above the Imd a,n(i ncd, in- 
frequently with the brown red mark characteristic of Kalfid caiu'ss. 

Root zone not wide, usually slightly swollen, beli-like, down- 
wards ; eyes hardly tubercled, in 2-3 moderately distinct rows. 

Growth ring narrow, flat to slightly raised, but lower than 
root zone. 

7. Bud. 

Shooting not noted ; hur sting dorsally. 

Short, small, sipiared, sometimes protruding liemispluvd oally, 
not I'eaching growth, ring. 

Arising close to the leaf-scar wliicli has often to i )0 removrid 
to note the characters of the small bud. 

Flanges small and not very conspicuous, risifig I’.-dher higli 
up, narrow below but broad and often sipiared above, tiu' apex. 

Bristles not pronounced ; basal fatehes poorly (levtdojx'd or 
absent ; minute hlaoJc limrs present . 

8. Leafy shoot. 

Leaf end not apparently bent as in Kctiha, 

'Number of terminal joints under 2", 3 at 0 montlis and 8* at 
10 montlis. 

{a) 2'1, 1/1, 0*3, 0-1, 

(5) 2'2, 1-8, 1*6, 1*3, 0-9, 0*6, 0*4, 0*2, Od. 

These figures show, in a pronounced manner, the slowing 
down of apical growth towards the end of the season, and are 
perhaps characteristic of a shorter- jointed cane than Katha and 
Dlmulu. 

9. Lea.f-siieath. 

Length. — Average length in six months canes, in incliea 
(u) 8*2, 8*8, 9-7, 9'9, 10‘3, 10-6ri0*6, 10*8, 11, "0, 11*0, 10*9, 
11*1, 11*1, 11*3, 11*2, 11*3, 11*3, 11% 11*0, 11*1, 
(10*4, 9*0, 2*2, 0*3, 0*1, in bud). 
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Longest sheaths in the several canes 12*4", 13*3", 10*8", 12*4", 
11*5", 11*6". Average longest 12*0". 

Not bloomed, mth clear parallel veins, those feccntly dead 
not becoming clear crashed strawberry coloured. 

Scarious border apparently forming rather early and before 
* the death of the lamina edges ; edges of the' upper, younger leaf- 

sheaths frequently browned. 

^ Bairs at junction of leaf -sheath and lamina descending along 

the edge of the sheath ; hairs between the veins beliind just visible 
under the lens, blackened below. 

Base of the leaf-sheath not clashing the shoot widely, prac- 
tically as in DJtaulu. 

Proportion of base of lamina to top of leaf -sheath ; rather varying 
in the specimens examined, 10:13*5, 11*5:13*5, 10*5:15*5. This 
last one, as might be expected has a small Hgular process. These 
figures require checking in further specimens. 

Ligular processes absent, indicated or small. 

%. Ligide narrow, not indented below, with a. fringe of smallish 

but distinct hairs. 

10. Lamina. 

Width, usually under 1", but occasionally reaching that figure. 

Length in the six shoots examined including all leaves with 
visible tips ; averages from base upwwds : — 

2' 2", 2' 3", 2' 4", 2' 10", 2' 8", 3' 2", 3' 2", 3' 2", 3' 5", 3' 5", 
3' 6", 3' 2", 3' 2", 3' 7", 3' 7", 3' 8", 3' 8", 3' 8", 3' 9", 3' 8", 3' 8", 
^ " 3' 8", 3' 2", 2' 7", 1' 10". 

Average longest in these six canes 3' 10". 

Proportion of length to width, 46 to 1. 

Rather channelled at the base, slightly, loosely embracing 
'>■’ the stem. 

Transverse marks dull blackish green, lightly bloomed. 
Serrature harsh persistent, made up at middle of minute, 
scattered hairs, 




.STTTPTES TN INDIAN STTflAKOANE^i 


Prop()}iioyi((l width of md-rih to lamina. 

At. 1" from ba.8(\ (I'^OiO'oO. at 0", O-lOiOor). at ]' 2 '\ o* !.j-:0-7r>, 

DK.Sf'IUrTHIN OF IM.AT'K, 

KaNARA of .TULLrxNrDER. 

1. Portion of a .six nionth.M cane. ^Pim root zones are ratln'r 
narrow but 51 h‘. 1)U(Is are very small and do not reaeh tlie o-i’owtli 
rins. The latter is di.stinet and narrow and not V(‘r\' def^ply 
eoloured. Tin* eirclet of hair.s is well marked. 

la. Abalial vie-w of the middle node of 1. and lb. ibe bud 
enlni't-jed. T\w bud is einudar witli a flat top formed by tin* imri'ow 
llunovs which :i,ris(‘ about the middle. Bur, sting is marlo'dlv dorsrd. 
Tli(‘ biifl is sunk in a rather ])r{)nounced depimsion nl 1 1n* bas(‘ of 
idu' grooves A comparison of I and la, sliows that the caju^ is oval 
in section. 

:h T\w base* and toj) of a, ten months cane. The (diaract(U‘s 
noteel above' atv maintaine'd. 'Plie root zone is narrow and rather' 
swolle'ii ele)wnwairels. The buds are very small, roundeel or ihit- 
toppeel aiiel bur.sting elorsally. The eii-ehrb of hail's, well developed 
and per.si.stent me)st e)f the* way up is oidy present he>re anel there' 
at tiu' top. The' isaery markings are .spar.se below and pass threuigh 
the' bloom banel a,be)ve‘. One joint ha.s a mass of ivory marlvings. 
as in hatha, but these e'xtenel In're almo.st the whole length of the' 
jea’nt. instead of be'ing confiue'el to one pa,rt, a.s in Katha. 

2a. 2b. :}a. buels erf 2 anel 1’he ve.stiture of hairs is not verry 
wt'll developeel. ])iit varie's. 

■I. f ile te)]) oi a. .six months eane, showing the ieaf-sheatli 

e'lasping the' ste'in widely at the base. 

o, <r, 7. 8. Jmu'tion e)f lamina and leaf-sheatli. Lignlar |)ro- 
ee.sses are' small e)r absejit and the tuft of hairs eh'se'e'iids'elong the* 
edge' o! ( lu' l(‘af-sheatdi in 7. The' ligule appears to In' r.athej' narrow, 
The hail's e)n its e'dge (8) are minute, 

(>)1MBAToRK, 

April, U)I I. 







KANARA OF JULLUNDER. 


KANARA OF JULLUNDER, 6 MONTHS OLD. 
(The black mark on the bamboo is just under 6 feet.) 
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THE DISTINGUISHING CHARACTERS OF SUGAR- 
CANES CULTIVATED AT SABOUR. 


BY 

E. J. WOODHOUSB, M.A 
Economic Botanist to the Government of Bihar and Orissa. 

AND 

S. K. BASU, M.A. (Cantab.) 

Assistant Professor, Agricultural College, Sabour. 

WITH A NOTE ON THE CHEMICAL CHARACTERS BY 
C. SOMERS TAYLOR, B.A 
Agricultural Chemist to the Government of Bihar and Orissa. 

L— -Introduction. ■ | 

Origin of Work.— In the year 1908 it was decided that 
the sugarcane crop should be studied at Sabour both from the 
chemical and botanical standpoints. Arrangements were therefore 
made by Mr. C. Somers Taylor for the collection through the Divi- 
sional Agricultural Inspectors of the principal varieties of cane 
grown in Bengal. Thirty-three varieties (including two pairs of 
duplicates) were collected and planted on the Sabour farm in 
February and March 1909. The observations published in this paper 
were made on selections from these varieties and are not necessarily 
true of all local varieties with the same name to be found in 
various parts of the Province. 

Method of Selection.— The original samples had been pro- 
cured from the fields of cultivators and were presumably fair average 
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samples of the cane grown muler that Tarietal iianio ‘‘ ,,j 

.iuostion. Those were planted in February 

the cmaiitity being planted as whole ca,nes and ha <»..s < o ' 

the end of the season mass selections of the best eauos o lae 

variety were made and the selocte<l canes phmtod m March 1. ■ 

In some cases the canes of a variety were divided into -wo gioupe 
according to the relative si^e of the nodes and internodes or the 
colour of the canes, and these were sown m ^ , 

differences however were noted between the 

derived from these selections. By thebeguuiingo. , i( m. ^ 

(Fobruaiy 1911) some idea had been obtainei o- w m- w| i 
constant distinguishing characters of the cane 1 ^ 

become clearthat some of the varieties did not consist ol . ,e n d u 
type. It was therefore decided to select two single bushes oi un-h 
Mr that appeared to he pure and two single hushes <> 
the types that were suspected to be present in some of the oth.r 
varieties. At the time of maldng these selections each bush wa 
examined in detail both in the field and laboratory, hnu-e 1. , , 
these pure lines have been grown in pure culture and have providei 
the material on which all the observations recorded in this paper 
been made. 

By crowing the cane in pure culture we were able to prove by 
means o! the botanical evidence that certain of the varieties 
were impure and at the same time our observations .ivgarding all 
the types examined were placed on a firm foundation. Our observa- 
tions were confirmed by those of Mr. Taylor'^ and the combined 

» In tM« connection it may be menlionod that the cane ^hich came from Behta under 

the name of Ketari was. found to he a mixture of two components similar to two other ty|)e« 
of tall canes, namely, Banaa and BamuWia, which types have been separated out and (ailed 
Ketari No. I and Ketari No. 11 respectively. Another cane of the same name was received 
from Ivanti in Muzaflerpur. This cane agreed neither with Banaa nor with hamukha Inil was 
similar to ifawma, hence this has been called Keiari No. Ul. Similarly the caim which 

came from Behta under the name of Chyma was found to be a mixture of am 

Maneria types ; these types have been separated and are described undei Uiprn N u 

well illustrated by the case of the fibre cont(.nit of Ohynia varieticH (looted by 
Mr C S. Tavlor in page 3 of his ‘ ‘ Notes on Experiments with Sugarcane at halumr. {1MI< - 
tinNo. 39, Agricultural Besearch Institute, Bum), and somewhat similar results were obtained 
in the case of Ketari,. 
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obsorvations show oloarly that the value of any accurate work on 
the ohoinioa] or other characters of varieties is likely to be very 
largely (iiscminted if the varieties have not been derived from 
single plant cultures. 

ProOtUess of Work. — I n the first two years of the ex- 
periment prcliininary field observations were made with a view 
tiO finding out what were the. distinguishing characters of the 
cane. In tlie spring of 1910 the following characters were under 
examination : — 

L— Field ehamcters. 

1. Number of stems on a stool. 

2. Average height of canes in field. 

3. General appearance of cane, uprightness or otherwise of 

j)lant in young or older stages. 

IL—Leaf. 

4. Appearance, such as straight, upright, bent over, etc. 

6. Proportion of withered leaves to green ones. 

6. Breadth of leaves at middle. 

7. Leaf edge. 

8. Length, of leaves. 

9. Colour of leaves. 

10. Colour of leaf sheath. 

11. Colour of band at base, of leaf. 

12. Presence of hairs at leaf base. 

1.11 . — Str ipped canes. 

13. General colour of cane. 

14. Thickness of cane at internodes and nodes. 

15. Length of internodes. 

10. Colour above node. 

17. Colour of interiiocles. 

18. Presence of wax and colour of wax. 

19. Appearance of buds — eyes well developed or not. 

20. Appearance of canal above buds, 

21. Have eyes sprouted ! 
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In the follomng spring (1911) single plants were selected in 
tlie field and then taken to the laboratory, where carelul nieasiirc- 
ments were made of the canes and leaves according to the sa,rne 
system as is used at present. These measurements, liowover, ar(^ 
not strictly comparable owing to the fact that in that year all tlie 
canes (whether mature or immature) of the selected stools had 
perforce to be examined in order to give a maximum of material, 
whereas since 1913 the observations have been confined to ten 
canes selected from a batch of 100 average mature canes selected 
from the whole plot. At the time of harvesting the 1910 crop a 
series of observations were made on the length, number of inter- 
nodes and diameter of cane in all the varieties. In December 
1911 special attention was paid to the study of the flowering of the 
cane. Owing to a misunderstanding single plant selections wenj 
again made from the 1911 crop in 1912, observations on the single 
plants being made on the same lines as in the previous year. This 
has somewhat complicated the records and has resulted in our 
present cultures being derived from single plants selected from 
single plants, a somewhat unnecessary refinement. In the spring 
of 1913 the 1912 crop was examined according to the present system 
and only the best cultures of each variety were reserved for planting. 
The observations made in 1913 were carefully checked on the mature 
plants of the 1913 crop in the spring of 1914.^ 

Method op Cultivation. — The sugarcane varieties under 
examination have either been grown on the farm or in the Botanical 
area. Cane is usually grown here on land which has lain fallow or 
been under a leguminous crop during the previous rains. In 
November the land is ploughed and cross-ploughed to a depth of 6" 
to 9" with Rajah ploughs. Cowdung manure is then applied at the 
rate of 200 maunds per acre and is ploughed in with Rajah ploughs, 
after wliich the land is cultivated and laddered some four times 
or as often as is necessary to mix the manure, keep down weeds and 
conserve the moisture. In January arrangements are made for 
irrigation and the land is laid out in alternate trenches and ridges, 

^ Vide Appx. II, 



each 3' wide, the trenches being about 6" below the level of the 
ridged land. Rape cake is then applied at the rate of 10 maiinds 
per acre to the trenches and is forked into the soil which is then 
irrigated. After the trenches have dried sufficiently they are dug 
over with forked hoclalis and are ready for planting which is usually 
carried out in February. The canes for planting are examined 
carefully for red rot as they are being cut into lengths, each length 
having 3 good buds ; they then have their ends dipped in tar and 
are ready for planting. (When white-ants are likely to be parti- 
cularly troublesome they are dipped in a decoction of mem leaves 
before tarring). The cuttings are then planted in 2 V-shaped 
f urrow's down the 2 outside edges of the trenches, the cuttings being 
planted from 1' 6" to 2' apart. The furrows are then covered in 
and irrigation wrater is supplied as necessary during the hot weather, 
a bag of crude oil emulsion being placed in the channel to keep down 
white-ant attacks. When the plants are established the clumps 
are thinned out from 2' to 3' apart. After each irrigation the land 
is hoed lightly to conserve the moisture. When the monsoon has 
become established and the land is becoming sodden and water- 
logged the canes are ridged up with the earth from the ridges in 
such a way that the ridges become trenches and the trenches ridges. 
The land is hoed and weeded some 2 or 3 times and finally dug up 
before it has had time to dry out at the close of the monsoon. The 
canes will be ready for harvest in January to March. They are 
not ratooned. 


Pressure of other duties has made it very difficult to find time for this work so that it 
has been under the charge of a number of officers. During the seasons 1909-10 and 
1910-11 the preliminary field observations were carried out by myself and Mr. D. Mukherji 
(Asst. Professor of Botany), who also made the mass selections for the 1910-11 crop. The 
sixjgle plants for the crop of 1911 were selected by mo and examined in the laboratory by 
myself and Mr. A. C. Ghosh (Asst. Economic Botanist), who selected and examined the 
plants selected for the 1912 crop. During 1911 a number of field observations were made by 
myself, but my appointment as Pi-incipal of the Sabour Agricultural College in Juno 1911 has 
since made it very difficult for me to give more than a limited time to the work. The 1912 
crop was very thoroughly examined by Mr. Basu in the spring of 1913, Mr. Basu’s results 
being checked by myself. In 1914 the 1913 crop was checked by Mr. Basu and myself. It is 
due to the thoroughness with which Mr. Basu carried out his portion of the work and to the 
grasp which he obtained of the characters of the cane that it has been possible to prepare 
tins paper. E. J. W. 
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(a) Field Chakactkrs. 

Habit.— IJiuler this head obsefvatioiiB were Jiiade on tho 
general appearance of tlie stools in the field. (Jane varitdies diflei 
very considerably in Labit, all the canes of each stool of some 
varieties being erect and close packed while other varieties inay 
be ascending or deciinibent. Even atnong the short Inishy canes, 
in which group the varieties are very similar, the variit.ies Vonitju, 
Paimri and Jlhcora are slightly more spreading than the rest of the 
group which are. almost erect. In the tall canes the di fTei’imees ol 
habit are very much more marked, the Hamukka tyjx' htung typically 
erect, the type more vSpreading, and varieti('sof th<*. Haum 

type ar(‘ usually lying on the ground with the tops ol the 
canes only erect. In most varieties the first young shoots ai'c‘ 
upright or slightly spreading hut in the ease of lihari aiul NargoiU 
the young shoots are very markedly spreading ajul in some eases 
almost horizontal 

Pebsistenob on dry Leaves a-nd SHEATHS.—An examina- 
tion of the varietal plots from Decern bei- onwaj’ds shows that 
different varieties of cane retain their lower dried leaves and leaf 
sheaths to a greater or less extent. In tlie cast', of tlu' Ihmifnt 
group the whole length of each cane is completely covtu'tul by tdu' 
persistent sheaths, in the taller varieties howevtn* the sheaths 
are not persistent to the same extent, and in most of the tliich ” 
foreign varieties the canes are found to be bare of leaves. Wliih* 
these differences may be due to some inherited character of the ea-nc, 
it is possible that the persistence of the leaves i]i the Jhmirla 
group may be due to tbe shortness of the cane and the high, tilkriiig 
which prevent the wind from getting at the old dry leaves, lu tiu* 
thiclv canes the small number of tillers and their slightly sjii'eadiug 
habit may enable the vdiid to detach th(‘ leaves more easily. In 
the taller varieties the elongation of the aerial roots would pi'obabiy 
help to detach the sheaths. 
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TiLLBJMNGJ.—Tlie examinatioii of tliis character was usually 
carried out at harvest time, and to obtain comparative tlgures 
the total number of mature, canes (excluding young shoots) in as 
many bushes as possible was counted. It will be seen from the 
table given below that the short bushy canes have a high tillering 
capacity (9 — 16) though the thicker members of the group, 
Buxaria, Hemja, Paunri and Poraya fall considerably short of the 
average (13 — -16) attained by the thimier varieties Lewari, EJieora, 
and Manrjo. The tall canes all tiller to about the same extent and 
give results about equal to the thicker members of the Buxaria 
group (y/s., 9 — 10). Nargori differs from the rest of the tali canes 
in its higher tilleiing capacity (13). The thick imported canes give 
a very low average (5 — 6). It would appear therefore that the 
tillering capacity varies inversely with the thickness of the cane. 

Tahh sJiowing tlie tillering of different varieties of cane. 


No. 

Variety. 

No. of 
stools. 

No. of 
cane.s. 

Average. 

No. 

Variety. 

No, of 
.stools. 

No. of 
canes. 

Aver- 

age. 


Group 1. 





Group 6 — 
(contd). 


3,817 

11 

1 

Bvixaria 

110 

992 

9 

19 

Ijata 

347 

2 

Heinja 

128 

1,256 

10 

20 

Khagri .. 

36* 

433 

12 

3 

Mango 

32.5 

4,179 

13 

21 

Ketari No. III. 

40* 

474 : 

■12 

4. 

Lewari 

.529 

7,952 

15 

22 

Chyuia No. II. 

14 

191 

13-5 

5 

Rheora 

299 

4,951 

16-5 


Group 7. 




u 

Paunri 

254 

3,072 

12 





7 

Poraya 

254 

2,562 

10 

23 

Kholia 

181 

1,388 

7-6 


Group 2. 





Group 8. 




8 

Shakarchynin 

413 

5,680 

14 

24 

Striped Bansa 

1C 

106 

7 


Group 3. 





Miscdlumous 




9 

i Bansa 

204 

2,259 

8*5 


“ thick “ caneit, \ 


281 

6 

10 

Ketari No. I. 

95 

759 

8 

25 

Kajla .. i 

49 


1 Group 4. 




26 

Red Mauritius | 

. 22 

110 

5 





27 

Bombay . . i 

61 

260 

5 

11 

1 Baraukha 

75 

700 

10 

28 

Red Bombay. i 

56 

288 

.5, 

12 

1 Kewa]i_ 

39 

390 

10 

29 

1 Bhuri 

31 

185 

G 

13 

1 Nargori 

238 

3;255 

13-5 

30 

Red Java 

43 

183 

4 

14 

j Ketari No II. 

00 

519 

8 

31 

Rod Tarina 

2 

11 

5 

15 

1 Ohynia No. I. 

09 

630 

9 

32 

White Man- 

18 

107 

G 


1 Group 5. 




33 

ritiu.s. 

DhaLstindor 

22 

122 

5-5 

10 

1 Khari . . 

180 

1,482 

8 

34 

Benarasia- 

11 

68 

G 


i Group i). 




35 

Nepali. 
Sharashara . . 

23 

101 

^8 

17 

j Maneria ^ . . 

190 

1,931 

10 

36 

Sulib 

42* 

341 


18 

1 Panshahi . . 

252 

2,441 

10 

37 

Puri .. 

37* 

288 . 

8 


* Observations of 1911 {crop of 1910) on account of poor crop in 1912. 

These observations were made by a different observer and are usually rather higher. 
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( h ) Ghabacters OB Stripped Oanb. 

In exaimning tlie caiics under the following lieiulh inuu<t>iiiK 
canes and diseased and dried up canes as well as oxctpliona, ..y 
thick canes or unusually thin canes have been neglected.^ ,h hosts 
have always been made to describe what have been consideict to 
be the average canes of a particular variety and for this purpose 
generally from 160— 200 canes of each variety have been cut and 100 
average canes have been selected from these for examination, of 
which ten have been again selected for the detailed measurements. 
The length and thickness of the various cane varieties vary accord- 
ing to the climatic and other conditions of each year. 

General Appearance op Gane.— Under this head observa- 
tions have been made as to whether the canes are straight oi ciuved, 
and a general idea as to the thickness and length of the cane has 
been recorded. 

Length.— This measurement is taken from the base of the 
mature cane at the ground level to the base of the gicen sheath 
at or about the topmost joint of the cane. It will be seen from the 
figures ill Appendix II, Column 6, that the average of the short bushy 
canes varied in length from 4' 6" to 6h Shakarchyma is about; G' 
and the tall canes vary from 7' to 9'. The thick canes vary from 
4t to 7', their length being much influenced by the character of the 
season, cultivation, etc. 

Number op Internodes.— The figures for this cliaractcr 
were obtained by counting the internodes in the ten typical caiuis 
used for obtaining the measurements of length, etc. In the case 
of the short bushy canes the number of internodes will be about 
30 in the case of a cane 5' long. In the tall canes of the Bdusit aiul 
Bamukha types the number of internodes, is usually between 30 
and 40, while in the case of the Maneria and Khari types the inter- 
nodes vary from 26 to 35 and in Khelia there are usually nut more 
than 30 internodes. 

Length op Intbrnodes. — It was originally expected that 
it would be possible to obtain figures for this character by dividing 
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tke iength of the cane by the number of internodes. It was foundj 
however, that the figures obtained were unsatisfactory on account 
of the fact that in most canes the internodes at the base and apex 
are both very short, while the individuality of the cane is shown 
only in the length of the internodes in the middle of the cane. It 
was therefore decided to obtain the figures for the lengths of the 
internodes by finding the middle node of the cane and measuring 5 
internodes on each side of it, 10 internodes in all, and then 
taking the average of these for the 10 canes examined as the average 
iength of internode for the variety. In the short bushy canes the 
average length of internode is found to be about 3" while in Bhakar- 
chynia it is slightly longer. In the case of the tall canes however 
there are marked differences, the Bansa and BaraukJia types having 
internodes varying from Z" to 4", while in Mw^mia and Klmi types 
they usually vary from 4" to 5" in length. In the case of 
also the average length of the internodes varies from 6" to 6". It 
will be seen from the above that in these last three tall varieties 
the longer internodes make up for their smaller number. 

Thickness oe Cane. — To determine the thickness and shape 
of the cane three measurements have been taken of each cane 
examined. In the first place the diameter of the tenth node from 
the base was taken, in the second place the diameter of the middle 
of the internode above the tenth node was taken, and in the third 
place the diameter of the narrowest part of this internode (usually 
in the neighbourhood of the “ waxband ”) was measured. In 
taking all these observations the bud remained uppermost and the 
measurements were made at right angles to it. In cases where the 
tenth node was much covered with roots the ninth or eleventh was 
taken. 

The observations given in Appendix II are those made in 1913, 
and they are generally supported by those of previous years. The 
thickness of the cane in each strain varies from year to year in 
accordance with season and cultivation and a certain amount of 
difference may exist between the thickness of two strains of a 
variety, which dilferences would appear in some cases to be 
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inlicrited. Jt would tlieTefore appear that the fcluckues^ <.rf tla 
cane is not ])y itself a useful critical character. It lias been muu 
however that in spite of this the varieties of a gioap 
maintain their relative positions as regards thickness of ram 

Shape OF Cane. 4n addition to recording the thickness 

of the cane the above observations were intended chiefly to s iu\v 
clearly the relation of the diameter of the node to that of the- m .ei- 
node and the shape of the internode, whether straight, tapering up- 
wards or barrel shaped. As regards the general shape o' t le cam, 
in the case of the short bushy canes and also ShaUrchipiia tiu>. noc es 
and intornodes are of uniform thickness. Of the tail cams 

Baum type has least difference, in thickness bet ween the in )dcs ami 

internodes, in the Mmierla and Kharl types the ddferencu ni 
diameter is slightly greater than in Bama, but owing to the gieatci 
length of tlui interiiodes the difference is not very conspicuous, in 
the case of Khari the iuternodcs taper upwards throughout their 
length. In the Baraukha group the difference in diamcti'r between 
the nodes and internodes is most prominent. The thick cuines arc 
usually over 1" in diameter, and in the Bombay group have a well 
marked barrel shape. The varieties appear to vary hiSS in shape 
than in diameter from year to year. 

CoLOUn AND Makkings of Cane. — The colour ha,s been ex- 
pressed in general terms only. At onetime an attempt was made 
to compare all the colours with the standard on the Colour Chart 
of the French Chrysantheniiiin Society but the great numbin' of 
minor variations in colour found in any one variety made it doubtful 
whether the results would be cominensura,te with the labour involved. 
Of the narrower-leaved greenish canes the Buxaria, ShalmrchjthM 
and Bama groups are distinguished by the brighter yellow colour 
of their canes. The Baraukha group on the other hand have canes 
of a dirty yellow green colour, Nanjori being slightly brighter than 
the other varieties. The Maneria group is intermediatii betwceii 
the two groups mentioned above. Khan is similar to the Maneua 
group except that some of the internodes may have a reddish, 
tint in places, in the case of all these green varieties the immature 
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cancH wlien cxpose.d to the sun usually develop a reddisk colour. 

The stiiped canes ai'e represented only by striped Bansa, Of the 
ia]’ger-leaved thick ” canes the colour of the cane is greenish in 
the case of White Mauritius, Dlialsnnder, Benaresia-Nepali, Sham- 
shara, Suhli and Puri ; that of Red Java and Red Tanna is greenisli 
yellow with a reddish tinge, Kheliais yellovush red to reddish, Bom- 
bay, Red Bombay, and Bhuri are red to chocolate, while Red Mauri- 
tius and are red to purple. Bansa and Ketari No. I are dis- 

tinguished from other varieties by the fact that the mature canes 
are marked with fine brown lines running down the nodes or 
internodes {vide Plate II), 

llEVELOPMEN'r OF Aeiital Roots.- -There are marked differences 
between cane varieties as regards the development of aerial 
roots, some varieties produce practically none, others develop roots 
up to about G nodes with occasional scattered roots higher up 
and others again produce roots up to two-thirds or even three- 
fourths of their length. The short bushy canes are practically 
devoid of aerial roots. In Skaharchynia they Bxe developed up to 
about 6 nodes and scattered nodes higher up the cane very occa- j \j 
sionally produce roots. Of the tall canes the Bansa and ManeriaV'^j 
groups develop aerial roots usually up to 6 nodes, while in th4l,.J 
Baraukha and Khari groups aerial roots are developed up to twprL^^i 
thirds or three-fourths of the length of the cane. In Manerla the\t’ 
nodes have prominent tubercles when the roots are not developed. 

In the thick broader-leaved canes aerial roots are only developed 
at the lowest six nodes in Khelia, while in Kajla, White and Red 
Mauritius, the Bombay group, Red Java and Red Tanna the roots 
are usually confined to three or four nodes only. In Dhalsunder^ 
Benaresia-Nepali and Shams liar a the roots are usually confined to 
the lowest three or four nodes, but scattered roots may also be 
found higher up. In SukU and Pmi aerial roots are generally deve- 
loped right up the cane. 

Wax. — The presence of wax is well marked all over the 
internodes of the slioit bushy canes with the result that their colour 
is altered from yellow or green to honey yellow and sea green, In 
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tlie otlier .narrow leaved varieties wax is usually present iu f[uantity 
in tlic wax band and elsewhere to a kss extent. .In t]ie tiiJl varu- 
ties the wax is often blackened, this being due a])pa.ren(dy to its 
oxidizauion as no traces of fungi have been foimd. In tiu; broadcj- 
leaved thick varieties wax is present to a larger extent in Kajla 
and the Bombay group. 

CoLOUE Band. This term has been applied to the portion 
of the cane immediately above the nodes {vide .Plate I), which in 
some varieties can be distinguished by its deeper colour. Th<; 
colour hand is well shown in the coloured plate of Mcmeria and Bmim 
(.Plate 11).^ In the short bushy canes no colour band is distinguish- 
able, III bhaharckynia only a very narrow band is present ; of tiie 
tall canes, the colour band is indistinct in the tvpe, narrow 

in Bansa, medium in Maneria and broad in Khari, In ‘the (mis(. of 
Khari the band is always very broad and deep brown, lii striped 
Bansa the band is_ present. Of the thick " broad hnivcd cain^.s 
the band is present in Khelia and Bed Java, not well Tuarked 
in Shamshara and inconspicuous in the Bombay typ(,‘ a.nd Bed 
Mauritius. 

Buns.—The shape and size of the buds have only b(Mvn 
referred to k a very general way. The amount of sprouting v, .trie's 
considerably in different vaiieties and is probably due to the extent 

to nkicb tbe white borer attacks that particular variety («'* &c- 

tion on diseases below.) 

( c ) Leaf Chaeacters. 

Geneeal Appeaeance.— In some varieties, notably the short 
bushy canes and the Bansa group, the leaves remain st.rai<)ht with 
a slight bend at the tip; while others, such as the thick canes 
and the Bamuhha and Maneria gi’oup have their leave,? bent over 
at about the middle. The leaves of Slutharchjnia are straklit 
to the tip. In the short bushy canes and the thick canes the vouua 
.sheaths are .shorter and so the ligular band of the younger leaves 
are lower than those of the older leaves and are therefore hidden 
between the older leaf sheaths, whereas in the Maneria and BaraukM 
group the sheaths of the younger leaves are equally developed and 
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ligiilar bands cniergo from between the lower leaf sheatlis, except in 
tbe case ol; tlie 3 or 4 youngest leaves at tlie very top of tlie C{.i,ned 
SluiJmrchjnkt is intermediate betwee]i tliese groups witU tlie rcisiilt 
til at a large number of leaves spread outwards from one point in a 
fai;i-lil\'e manner. 

Size. — Tlie observations of these characters were taken at 
harvest time on the leaves to be found in the crown of the cane. 
They refer to the largest leaves to be found at that time, at which 
it was difficult to obtain green unbroken leaves. The leaves attain 
their largest size in the thick canes, the largest leaf being 5' by 2*5" 
in Java and Tanna. The smallest leaves are found i.u Shaharchpiia 
(2' 6" by 1"). In the tall canes they are of medium size (3' O" to 
3' 6" by 1" to 1*5"), and differ from those of the short bushy canes 
only in their breadth. 

Colour. — Wlien loolcing at tlie plots of the cane varieties 
at a distance it is usually possible, to observe some differmice between 
the colour of the foliage of the different groups. The thick varieties 
have a markedly lighter or yellower colour tlian the otliers, the short 
busily varieties being slightly lighter in colour than the tall canes. 
Of the tall canes the Maneria group has somewhat lighter coloured 
leaves than tlie Barmikha group. 

Ligular Band. — This term has been applied to two patches 
of colour which upjietir at tlie junction of the leaf blade and sheath 
on the outer side of the leaf over the ligiile {vide Plale 1). 

This band varies from yellowish green to deep red or brown. 
In tli(i case of the short bushy canes it is lighter than tiie surrounding 
region. In SJutkarcJiynia it is dirty yellow brown. In the tall 
canes it varies from pale yellow in the Bamuhha group, through 
faintly reddish yellow in Bansa, brownish yellow in Khan, to reddish 
in Mxi'iieria. Among the thick canes also the ligiilar band varies 
from yellow in Khamsham and Benaresia-Nepali to brownish in the 
Bomba.y group and Mauritius. During some chemical selection cx- 
perinumts cariii'd out by Mr. Taylor in 1910 we were able to trace 
» Mato in. 
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some correlation between the colour of the juice and that of the 
ligiilar band in Khari and Maneria but it has not ‘heet! possible to 
follow up this observation. 

{d) Other Characters. 

Weight of 100 Canes.- — -In order to ensure that iiverage. 
canes were used for weighing, 100 average canes were selectt^l fj'oiu 
the 150 to 200 canes harvested for examination. In some varieties 
the canes were found to differ markedly in thickness and in thes(‘ 
canes the proportion of thick to thin canes in tlie bulk sample was 
determined and the 100 canes required for weigliing were seieettMl 
according to these proportions. It was not possible to olrtain 100 
canes of the thick; varieties so tliat 10 average canes oj)ly W(‘r(> uum" 
siired and the results multiplied up. In ail cases the canes were 
stripped and the crowns cut off to within a few incluss of tin* top 
of the cane. 


Flowering of Cane. — It would appear tliat cane, only 
flowers at Saboiir in exceptional years. The list below sjiows tilt* 
varieties that liave been observed in flower at Saboiir, togetlun* with 
the year in which thc^ observation was made — 


Chynia No. 1 

Khari 

Khelia 

Maneria 

Panshahi 

Shaicarchynia 


1911. 

1909, 1910,1911, 1912, 
1911. 

1911. 

1911. 

1911. 


It mil be seen that KJiari usually produces some flowers, but 
did not do so at all in December 1913. The year 1911 was a pnrti- 
cukrly favourable year for flowering. KMia was the only variety 
in wHch the anthers dehisced, so that it may bo useful for breeding 
piirpo.ses in this part of Imlia. In the case of Ohtnia the flowers 
hardly emerged from the leaf sheath. 

Diseases.— T he two principal fungus diseases are smut aiul 
red rot. Smut is usually only found in the fCAan variety. l{,,d 
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ruL all th(>' tali C 5 LID (^8 blit 18 less prevalent in tke Banm 

;,i:roup and Khdri tbaii in. tke BarmfkJia mid Maneria groxipi^. Ike 
sbort Imsiiy canes ar(‘. luore or less iinniune to red rot. Of the, thick 
caiu‘.s th(‘. Honiliay 2 ;rou.|.) arei usually attacked by red rot. 

l.h.e <diie.f insect pests are tlu'i two borers^ and of t-kese the 
moth horiu is responsible .for tke bulk of tke damage, bonie 
observidious were made in. Marcli 1914 on tke damage done by white 
borer and in tke (.‘.rop examined it was found that tke thick canes 
wer(‘ usually very little attacked (0- -40 per cent.), tke tall canes 
usuaJly attacke(] to an extent of about 40- -60 per cent. a.nd tke 
siioit bushy <.'an('s to a. very variable extent (4-— 70 per cent.). 
While no de,{init(‘ (Conclusions cun b(‘ arrivu'd at as the result of 
thesi' obs<‘rvations, it is of inter(‘st to note that in, many cases tke 
badlv' attae.k^nl and itmnuin*. varicsties were next ea{.*k other, so that 
it wm\d S(‘emthat immunity to attack by borers may be a varietal 
charact(M'istic. 

0flEMK;AL ()li:Ai.lA(!'l.’Rr«S (CONmilUITEl) Ik bOM.EHK 

'I’aylor). 

It will b(' of interest to note liow far tlu^ chemical properties 
of a enme aiv connected with its liotanical characters and to see 
wketlun* the catU‘S may b(c groupml ekemie-aJIy and whether tliese 
groups agrtu*! with tke botanical ones. 

lu !910 som(‘. nu'asuroments were mad(c wkick k.d to tke con- 
clusion that th<‘. p(‘riods of maturity dilTercd vmy givatiy among 
th(^ dilfmvnt canes grown at Sabonr. Tk(‘, only canes tkat grew 
well at Bakoiir W(U.v tke dwarf canes and tlio tall reed-iiki^ canes. 
Of tlmse it was found tliat wkile tlnu'e was practically no cliaiigc in 
tkt‘ sacc-karos.^ e.ont(>nt of tke juice of Klmrl and Bhaharchipm, 
the dwarf eaiies (witli th.(‘ (vxe.i'ption of Lermn wkick was stunted) 
sIioW(m 1 a la.rg(‘ iiuni'a-se {^V(m up to M,arck. 

Tke eau(‘S kmown as Maneria and PamhafU skowed a deknite 
eessatioii (d* ripening in' Ixtween these two dates. The tkick cam's 

> Moth boror - Gkilo aimplex. 

White borer ^ Hcirp>fha(ja <mrif,m. 
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mtlitlie excoption of Dlialsimder cannot be considered ever to have 
grown sufficiently well at Saboiir for reliance to be })1;i,ce(l on 
saceliarose determinations, tlic results of wliicli depcnid so ];i.rg(‘ly 
on tlie gimdli of tbe; cane as a factor. It is probabluj how- 
ever, that tliey ripen at a time intermediate between that of Khan 
and tbe dwarf canes. Incidentally it may be remarketl here that 
during the period under review (1910-1913) there would appear 
to be least loss on all the canes grown at Sabour by cutting in Feb- 
ruary and early Alarch, while Khari and SJiakarchynia could be cut 
in January without serious loss. The dwarf cancs when properly 
grown slioidd never be cut before February. When badly gn)\vii 
they frequently ripen earlier. 

At first sight, therefore, Khari and Shakanthynia would 
appear to stand in a class by themselves as early npimeib 
Maneria and Panshahi would be typical of another cLiss and tin? 
dwarf canes of a final late ripening class. '.Further observations 
showed, however, that these canes differed in other ways that could 
be chemically ineasnrod. It was found in 1910 thc«t with tin? sann? 
mill, different varieties gave a far different extractioji, i.e., some 
varieties showed more spongy inegass than others. These observa- 
tions were confirmed in 1912-13 and the results were published 
in Piisa BiiUetin No. 37 of 1913. 


Taldng the two early ripening canes which were provisionally 
put into the same group we obtain the following figures : — 


Caue. 

■ 

■ 

Average fibre , 

Average fibre 

Caleulafced oxtrac- 

on cane. 

1 oil megass. 

tion factor 1913. 

Xhari .. .. .. 

10-41 

40-3 

— 

1 79-6 

Sliakarchyuia . . . , . . i 

■ 13-94 . 

42-1 

■' 

1 80-1 


Irom tliesc figures we see that Khari is a much more 
fibrous cane than KhaMfchjnia and that it has much the sanu? 
extraction factor. 
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( ’oDiparing these rosiilts with those of Fanshahi rik.! Minie.rla 
we ohtiiiii the following figures : — 


A! anei’ia 


Averago libro 

Average fibre 

Caionlated estrao- 

on cano. 

on raegass. 

tion factor, 1913, 

12-71 

41-9 

82-2 

12-2G 

41-3 

■: ^ ^ 82-4 ■ 


, Again comparing the results obtained from the dwarf canes 
we find 


Cano. 

1 

j Average fibre 

r~~— 

Average fibre 

Oalcnlated extrac- 


1 on eane. 

on niogass. 

tion factor. 

Uuxaria . . 

.. : 11-42 

34-2 

77-5 

I’oraya . 

.. ; 11-74 

, 32 'G 

! 74-8 

Paunri 

12-95 

i 33-5 

i 72-5 

Ithenra. 

. . : 12-97 

i 33-G 


Homja 

: 13-03 

34-1 

I 73-3 

Mango 

.. i 13-IG 

' 34-2 

i 72-1) 


It will bi.‘. Slum that a characteristic of this group is a medium 
content of a highly .M,bsorb(uit fibre whie.h, except in the case of 
ga,v«5 extraction, fa,ctors fx'low 75 per cent, 
in spite howtiver of tlu^ fa.(‘t that th(‘ (‘.ane known as Bumria 
sIiowihI a, higiier extraction fact.ortban tlu‘ rest it iias boon ine'luded 
in the group as all its otlnu* (^ha,ra,ct(n*i.stics uro. the sainm 

T1ie canes known as Kku/n and Olupiia fl are doubtful as 
regards tluar place in a clumiical classification. They liave. never 
ripened well at labour an<l it is difluiult to say miicli about tiiein 
at preseut, Tluar fibre content is similar to tliose of Fanshahi and 
Mancfut witii wliich, tlrciy have been grouped bofcanicallvj but their 
e.xl:a’acti(Tn appoare.d to be lower. 

There is no doubt liowever that four definite groups can b(^ 
obtained from (diemica! <‘.onsiderations fclia.t coincide with four of 
Idle groups into which. th,c canes havit been classed botanicaUy. 
T!u'S(^ groups are as follows : - 

1. Lati^ ripiming, UK'diuni fibre, low extraction factoi\ This 
eoiTi'sponds witli Botanical group ISTo. Ih 

i The classiUcatioti of tlio caaoa into groups will l)o found in iSeofcion IV, pp. l-KLuO. 
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2. Early ripening, mediiun fibre, bigli, eNfrue/iJon \.ni-Un\. cor- 
]‘OBpoiiding with Botanical group ISIo. 2. 

,3. Early ripening, high fibre, high, extraction lactnf. 
ponding with Botanical group No. 5. 

4. Medium early ripening, medium iibre, high oxlnienon 
fa{d.or, corresponding with Botanical grou}> No. t>. 

The ripening of this last groiij) can ({efinitely be measured tmiy 
in the case of Maneria and PansJiahl, iia Laf<t mui Khagt'l did nor. 
grow well -when the measurements -were math', and /u'/ur; aaid 
Ghynia were not then separated into different gT4)U]>s. 

The measurements of the periods of maturity W'ere not made 
with pure lines. It is iioped tliut with, the grea,l<(>r I’aci lilies i hat 
should be afforded by a properly equipped sugar stalion I'lirllier 
observations may be made on the pure liiuss bred by the hh otmmie 
Botanist. 

We may conclude tlioreforc tfiat the idicmit'.al aaul, imtaniiTil 
characters of the varieties are closely allied. Tln.uk* is no (h>ufd 
that the most constant of the former is eormoeted with llie qua lily 
of its fibre. Observations from year to yiavr show viuy liUfe 
diEereiice in the order of (extraction of oaidi e.a.,ne, wlmdi is prol»abiy a 
definite characteristic of the cane itself depending on souh' boiaamui 
character. 

A table is appended which, sliow^s tentatively tla^ grmq»ing of 
the canes both chemically and botanically. 


Grouj). 


EKfcrjHitioii 
factor in 

Pibi'* (Ml I'.tne ill 

I 

,Late 

74 ‘0:1- *5 'Low 

]2--n> !-2I Miulium 

II 

Early 

sa-;i-[- 1-4 High 

l:}-()4-|--o',» Medimu 

ITT 

lloiiWifii] 

77-7iU(» Medimu 

l4-(U-!-'42 High 

IV 

Prol)a1:)ly early 

7b’8d: “(> Modiiim 

Jn-(iS-)--27 llivh 

■ V 

VI, 

.Early 

7i)-«.-bl-4 High 

■ !fi--ll llioh 

Medium 

(betwec'u IT & 1) 

79':idMl Jligli 

1 J2'27 i:--27 Mediujii 

VII 

.'Doubtful 

84-8±n4 High 

KMO I--r>r) Medimu 

VIII 

Never gives sweet juice i 
under Sabour condition, s. 

77-i5J;l-4 Medium 

12-7 f.iy;?.) Medium 

Misccillancoiis. 

Probably medium but 
these canes do not grow 
t well under Sabour con- 
ditions. 

nigh, varh^s frntn 
7il'4 to SlM, all 
but one above 
SO. 

The fibre of the -‘c ciuie , varm 
froiu in tlie ea.se t 

neddlumhiiy Ui L'i'dr! < 
the, Ciise n( Ited-'i’imuji 
tliiU. au average dne.i m, 
give much iid'iii’tu.dinii. 
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(Jo.N{JLUj).!N« EjiMARK.s.“-It will be KiiffLcieiitJv (dear frorn. 
tlie above account o£ tlie characters of the canetliat attioition has 
not Sjoon paid so niiu'lL to niinutc botanical characters as to agri- 
cultural characters likely to ho of use for identifying canes in the 
lieM, or which arcj likely to de.terinino the value of tlie cane to the 
agriculturist. The smallness of the area, at our disposal here has 
made it impossible to grow the canes on a field sca,le but the work 
will be contimied by a .study of the yioldj cpiality of gin; and chemical 
characters of tlie cane at BipaVa. The inheritance of tluckness in 
a, mimber of })ure cultures of one variety may repay study as may 
the histological dihenuices of tlu' varieties. 


HI. — Description op oane VAEirm'EM (.mii/iivatmij 

AT SABOUR. 


1. Buxaria.— short bushy, canes sligiitiy spreading, 
completely covered with persistent dry leaves and sheaths; 
Tillering 9 on an average, maximum observed 2:1, OtmeH typically 
straight, short and fairly thick, length A' to 6', mnnJxn' of 
interuodes varies according to the length of tlu^ canes, a cane o fi.. 
long has approximately 30 internodes, lengtli of intcoMiodt's \u Me* 
middle of the cane 3 on an average. /V/zcZ’MCtS'.s’ more or Dss unifonii 
in the node, internode and top of tlu^ internode which vniies ffoni 
0‘8 to 1' in diameter, Golouf honey yellow to sea in 

varying proportion with patches of browm, thieldy presem 

all overthe oane, more tliioldy on tlie wax band jimt bclow Uio .io<l,'. 
Rootimj hmid inoonspioitous ; aerml mitu typically abaent ; IMrmniil 
huds stout and of e^ual lengtli and breadth ; sjiroutiiig raii'c ; fnloih' 
hatd not well defined. Leaves more or less iiprigbt, bending at llic 
top, size of blade S' 6" by I'o", colour of leaves light green to 
dark green, ligtdar haU slightly lighter in colour than tlie surround ^ 
ing region, yeHowish green under a deposit of wax. tot) avera.-c 
canes weigh 140 lbs. 

This cane is not known to liave flowered at Salmur and th,.,-,. 
is no evidence to show that it has flowered anywlien^ else in < ||. 
Province. It is generally found to be free frinn the attack. ' „r 
red rot or white borer and is on the whole a good clean cane. 


2 Hbiita. Clumps short and dense, cane.s .‘■lightly spreading 
out like Buxaria, completely covered with dry persistent leaves 
and sheatlis. X^lhring 10, maximum observi'd 21. Ikiuv't .‘liori 
and fairly thick but not as straight as Bmurk^ lengti, 4. ,/ 

number o internodes spor a cane, 0' long, lengtli of intern., de: 
3 . Xlmktms more or less umform in the node, inter, 10, le and the 
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i/op ol: tlhe iiitcrnode varying from 0’8" to 1". The sheath, sca.rB 
a.r(^ not usnally at right angles to the length of the canes, Oolour 
jxMiiaps slightly greener than Btixaria with patches of brown as 
in Btmirla. Wwx th.i(jkly present all over the cane to about the 
sajiu‘ extent as in Buxaria, Rooting band inoonspicuoiis, aerial 
roots typically absent. Dornmnt buds similar to Buxaria and 
sometimes situated in grooves. Sprouting common from the top 
of tlie cane often due to attacks of white borer on the main shoot. 
Colour hand .not well defined. Leaves more or less upright bending 
at tlio top though not to the same extent as in Buxaria^ size of 
)>lad(^ 3' 6" long }>y I," broad, licjicc i,i.arrower than Buxaria, 
colour of leaves si.uiilar to Buxaria, Ugular band yellowish gree.ii 
under a dep(,)sit <.)f wax. Weight of 1.00 canes 130 lbs. 

This cane lias not ll,ow(U’ed. at Sa],)our and it is not know.n to 
us th;i.t it has (lowered (dsewiiere. It is generally free fro,m the 
attack of red .rot but white, liorer is frexpicntly found to damage 
tlu‘ juuiji, shout. It chiefly dihers from Buxaria in liaviiig narrower 
leawes, darlou: (dolour a.nd sprouting buds. 

3. .IIanuo. -■■■Clum'ps short and dense, canes slightly spreading, 
co.mpletely covered with persistent dry leaves and sheaths. Tiller- 
ing 13, i,na,ximi.un. observeil 20 ; ames typically straight, short but 
rather thinner than Ihixaria, length I' 0" to 0', .number of inteimodes 
3(t in a 5' cane, hnigtli of internodr'is 3" in the middle of the cane. 
Thickness more or loss uniform tlirougliout the length of the cane 
0*7" to 0*8" in diameter. Oolour similar to Buxaria, bei.iig honey 
yellow to sea green with patches of brown. Wax thickly present 
all over tlie eajie. Rooting band inconspicuous, aerial roots 
typically absent. Dormant buds stout, conical and almost of 
eijiial length. a.iid breadt/h, sprouting occasional, colour band not 
well delined. Leaves more, or less upright with a bend at the top, 
size, <,)f b.[adc W 0" by I.", licncc similar to Ilemja and narrower than 
Buxaria ; colour of leaves light to dark green, Ugular hand yellowish 
green. Widglit of 100 canes 04 lbs. 

This cane has not Oowered at Sabuur and has not been reported 
to have, (iowertul a.nywherc else. It is comparatively free from 
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the attack ol red rot, but is liable to the attack of white boret*. 
It looks like Bumria, but is thinner. 

4. .LEWAia.--C'km^36' short and dense, canes spreading, ('oni 
pieteiy covered with dry persistent leaves and shcatlis. TlUvrinu 
15, niaximuni observed 30. GancH straight, sliorb and rather thin, 
as compared with Buxana^ length 5' to O', number <)f intavrnodes 
about the same as in Mango; length of intern odes 3" in the middh) 
of the canes. TkiGhms more or less uniform, throughout the hmgidt, 
of the. cane being O’ 6" to 0’7" ; Colour similar to Buxarla bob wee ji 
honey yellow to sea green with patches of brow.n. MV/.r tlii('kiy 
present all over the cane. Hooting band inconspicuous ; (wrlul 
roots typically absent. Dormant buds stout and <*ouical and 
of ecjual length and breadth, sprouting common fi'oni Uk' upper 
portion of tlic eane. Colour hand iwt delined. .Leurcs simila.i- 
to Alango. size of blade 3' d" by i", colour light green, llgular band 
yellowish, green, under a deposit of wax. W eight of lOt) caiies 70 1{)S. 

This cane is very similar to Mango, fro, in wlu«'h. it is haa’dl)' 
distingiiislialile, if anything it is thinner. It inis not .(lowei.vd at 
Sabour and is not reported to have flowe'r<‘<l anywiiert* els(‘. \i 
is generally free from attacks of red rot, l)ut is very liable to the 
attacks of white borer. 

o. Kheora. — Clumps slightly taller (Juin the a})o\'(‘, d<‘ii.s<‘, 
canes slightly Bpreadi,ng, completely covered with, dry per’sisteni 
leaves and sheaths. TUkrmg 10, maximum obtaimai 3-1, Canrs 
slightly curved, somewhat taller than Buxaria but tliifiiUM*, length 
dV to oy, number of internodes varies fro,m 25 to 30 in aA’iUugt* 
canes, length of internode about 3" in the .middle of the Ciin<‘s. 
TMchiess more or less uniform throughout the caiu^, O’ii" to 0*8'' 
diameter. Colour similar to Buxaria honey yellow to sea gretm with 
patches of brown. If ax present all over the cane. Rooting band 
inconspicuous; aerial roots absent. Dormant buds of (‘(jnal hmgih 
and breadth, stout, sprouting common from the uppe,r pari: of tin*, 
cane. Colour hand not well defined. Leaves similar to Mango, 
size of blade 3' 6" by 1", colour light green, 
green, under a deposit of wax. Weight of 100 canes 102 lbs. 
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'Tfiis .‘ij)|)(‘ai's to b(} .suporiof to Mawjo aud Lv.iD^hrl ;yid, 
ta.ll(‘i;, l)u!.i tliiiioor tliaii. Bimwia. It liaB not llowcM'cd at Bjibour, 
a,iul has not boon ro|joi.‘to(l. to luivc floworod anywlioro. cdso. it is 
only siighily lia,bl(} tt) attacks of rod rot, but white borer is 
louiul to da.iiui.g(‘, the niaiii shoot frequent ly. 

b. i\\.v:sv,j.— Ghmvps similar to lilieora, caijos sliglitly spread” 
ing, completely (jovered by dry persistent leaves and slieatlis. 
Tilkt'huj 12, maximum observed 23 ; cmiemiot as straight as Btixarkt 
bui' slightly e(irve<,b leugtli o' to O', number ot intoriiodes a, bout 30 
ii] a,vtn’ag(‘ oani'S, hmgth of iuternodes 3". ThhhnesH more or less 
uniform tlirougliout, the ioiigtli of the cane being 0-7" to 0*1)". 
ColoHi' similar io Ihrxfirhi liomw yellow to seti gi.HMUi with, patelu's 
oi brown. llV/.r present all over tlie cane. Rootimj htiad iiujoii- 
s])i(MmiiS 5 r<t()ts a,bst>nt ; /tnawr/d. /uui^.v siini lar to tlio above, 

sprotitin.g (‘.ommon from tin* n.])[)er hah: ol’ tli<^ cain*, (‘olour fmml 
m)t. well ma,rked. Latvr,^ simila.r to tin*, a, hove, size oj bUklv. 3' (>'' 
by !/', colour ligiit. gree,m Ikjulay IkdmI yellowish under a, 

d<.*posit of wax. Weight o! .100 (‘anes 1.1. -.1 lbs. 

'riiis ca,in' has .mt .lloweretl at Sa.bour a-nd h.as not been r('.po.ited 
io have llowe.r(‘d aijywhere i.n tln^ .Province. It is generally free 
fi’om th.e attaidss o! r('(l rot, but is very jia.bl(‘ to tlie at.taeks of 
white; ])or(‘r which stimulate, s the upp(*r buds to sprout. A V(',ry 
similaj* cane to the above. 

7. Po,l{AYA. --(.)//incp.s' tall ami sprea,d.ing, almost laid on tln,i 
ground, eanes e,oni))l<;tely covawtid by dry p(.M.’si.steut [(.laves ami 
sheaths. TilL-riiuj iO, inaximum obtained 25; (vo/u.*.* slightly curved 
witl) a heiid at the to]>, l(‘,ngth. oV to OV or even 7 ft., number of 
ijiternodt'S about 30 hi a, O' cane, lengtli of iutcriiGdes slightly 
ov(‘r 3". ThickfU’^H more or less uniform throughout tbe 
.lejigt.h of the e.aju*, if amythiiigtlie nodes are sligbt.ly tliiebu-jOvs" b() 1" 
in dianu*i.er, (Jolotir simi.lar to Biixarki isca green to honey 
ydlow with ]>ateln*s <)f {>i'own. Wax pi’esejit all oV(‘r the cane. 
ilnotliuj intiid i n(a>nsj)i(uious, aerial nMs* absent ; Dornuml bads 
similar to a.I)ova‘, sproutijjg common fruni the top of the cane, (M)loitr 
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haml B,ot wvil defintid. Leaves larger than the above, wizii uf i)Luii’ 
3' O'" by 1'6". colour light to dark green, Ugular yellowish gi-cMMi, 
Weight of 100 canes 168 lbs. 

This CJMIG has not flowered at Sabour and lni,s not lu'en rejidLird 
to liave flowered anywhere else in the Province, it; is nn)r(' oj* less 
free from the attack of red rot, but is so.iuewh.at liabh.'. t(j attacks 
of white borer though not to the same extent as ilemjaf Mungo^ ( tc. 

8. S.HAKAROHYNIA. (jlimifs tall and spreading, sumeliuH's 

laid on the ground, canes covered vdth ])eivsist(.',iit dry sln'aihs. 
Tilleruuj 14, niaxiniiun ohservod 30. (Janes slightly eiirv(*<}, leugtdi 
(y to 7', iiiunber of inteniodes varies g(Mi,e.i'ally .from 21 1(.) 30, Isngth 
of interiiodes Thichiess more or less iiiiifoi’m tliroiiglioui. th<' 

length of the cane, if an}1}hing slightly thicker at tlif fiod('s, dia- 
meter 0-6'h colour yellow green with .removable black incnistalitm.s, 
wax present in the wax band, scanty in otlun; pa, its of the caiu'. 
Rooting band inconspicuous, aerial roots well de.vvloped iu |,h,e Invest 
4 to 6 nodes, sometimes (‘xtendijig as high, as tlu« middh* of tlie e,;iiin. 
iio)mant buds flat and almost eireular, sjvroutiug ra,ri‘ly frniii ih.*' 
top of the cane. Colour band narrow, yellow brown. Lenves short., 
and. narrow, typically straight a,nd spread nut in the form of a, 
fan, size of blade 2' 6" by 1", colour light gre(m. Ligulnr band dirt\' 
yellow brown under a deposit of wax. WVight of iOO (•.a,m‘.s si lbs. 

^ TMs cane flowered a,t Sabour in J9.1J, hut only .huv polhm 
grains were found. It is only slightly liabk'. to attacks of rod rot 
though white, borer is sometimes pres(‘nt. It dilfei-s fi‘om tlm 
foregoing canes in many points which havT bo , mi diseu.ss,‘d in Hoc 
lion 1\ . .Longitudinal cracks sometimes occur in the iut{‘rnod,cs, 

9. BANSA..-au,w^6' tali, spreading, bonding ovor or laid on 
t e ground, canes indilfereutly covered hy dry persistent. loa,vo,s 
a.iid sheaths. Tillering 8, maxij.mjm, observed 20. (Jaiws lono'. (•.bln 
and more or less straight ; .length 71' to 91', nundim* of intiuMiodcss 
30-40, length of internodes 3"-4". TJdohms, node.s O^" to 0*9" 
intmiodes0-6"to0-8"witha dilfeivnee of about 0 - 1 " between 1 he 
uodes and internodes. bright yellow to yellow green, with 
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iiiav. mid 1:h,,re roinovable black incrustation. If a® spread thinly 
all over tjie cane with a tliiok deposit on the wax baud. UooUno 
baud iueoii.spicu(ms. aerial roots usually confined to about (i nodes 
at the. base, occasionally developiocl in some nodes in the middle 
»1 the cane; Dornmd buds are flat or stout, sprouting from the top 
oi; the cane. Oohvr band, a distinct yellow brown, colour- baud 
lii'ese,nt. Leaves small and erect with tips bending over. Size of 
blade about 3' by Vn", colour light gi-een, band Untly 

reddish brown, .the red being often on the border. Weight of 100 
caiics .14-0 lbs. ^ 

^riiis caiK', fi\) tJie foregoing in umiiy important points 

wliieli. iiavo. biM'u described in Section lY. It is not .known to flower, 
and IS only .slightly liable to red rot, thmigli wliite borer is often 
luiiuil to aitaele the main sliout. It lias some oharacteristic streaks, 
both in the internodes and the. nodes (vide Plate 1,1). 

10. Kutari No. L -Olmips tall, spreailiiig or bending over 
(>r laid on the ground, ames indifterontly covered by dry persistent 
eave.s and .slioatli.s. Ttlh'huj 8, nuLxiinnm olisorvcd If). CW« 
more or l.'.ss straight, tail and thin. Laiglk about 7 feet, number of 
iuternode.s PK- 3<1, Jeiigth of internodes TMcJmess, jiodc.s 

O'fa'loO'S", internodes fl-5" to 0-7", with a difference of about O'l" 
between the. nodes and tlii; internodes. Volour similar to Lama, 
bright yellow to yellow green, with .removable black incrustation. 
Ifaii spread thinly all m-er the cane and more thickly in tho wax 
band. Houtiiir/ band iiicoiispicuoiis, aerial roots usually confined 
to the lowest (I nodes occasionally developed higher up the cane. 
.Dormant buds Ikifc or stout, sprouting from the top of tho canc. 
< ohur^ band y-llow brown and distinct. Uaves small and croot 
with tip.s bent over, size of blades 2' G"— 3' by 1'3" to fO"; colour 
light green. Ihpihr baud faintly reddish brown. Weight of 100 
cduiew .1 lUs. 

1 lii.s .ippcjirw vtiry similar to Bansa tliougli. .soinewliat 
poorer. It lias also i.ho brown stre.aks found in the node,s and 
internodes of Ikmsu. It is not known to flower, and i.s genoraUy 
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attacks of red rot, tlurugli, white bom* is (*,(.uui!hh 


JL Bailvukiia. tail, growing almost ujn'sgiit, liroMi 

leav(‘s and sheatlis iudifTereiitly covering tlni canes tiiougli many 
internodes are exposed. Tillemig 10, inaxinriun, obtai ne<l 20. 
almost straight, tail and thin, length 7' to 9', number o! ifsluo'nndes 
variable l)etween 30 and 40, Icngtli of iiiternodes 3"- -4". Thick- 
liens, nudes U-7" to 0*9", internodes 0*0" to 0*8" and top of iidaM'nutli'.^ 
slightly less than tiu;. middle, lienee th.einternod(‘s appear graihudly 
tapering from the bottom to the top, a difl'erencn of over O'l/' is 
noticeable betw('en the nodes and the intcriMHles. (Jdlnur dirty 
y{h.ow green with, black inerustatiojis. llhs; })i*(^sent but not V''ry 
clear. Hootiwj baud swollen, aerial roofs very common up <o two- 
tliirds of the length of tlie eane or even morv, ue(*a.sioiudh' siqi- 
pressed in some nodes. Dormant buds placed ilatly, sj>rou1,ing ttuni- 
nicn due to attaelvS of borer. Colour baud iuc.ouspi<.-,uously j>resent. 
Xmt’cs bent over from tlie niiddle, size, of blade about 3' by l”u", 
colour dark green witli a narrow edge of rtMl in some, lujubir band- 
vellowisli green. Weight of 100 eanes 10() lbs. 

This cane differs frojn the Bausa typi^ in. many iiuportaiu 
cliaraeters which wll be found in Section IV. It is said to ha,v<'. 
flowered at Patna in .1911, but lia.s not been foiuui. in (lovVer at 
Sabour. It is very liable to attacks of red rot. and wliit('. b<»rer. 

12. Kewali.-— 67a/a.p-s* tall and. almost upright. <’a.ne. 
iiidilferently covered by jiersistent dry leaves a,nd sheaths, hui 
expoficdin some parts. 9, iiiaxinuiin obl.ained 17. Cau>'-'^ 

almost straight, tall and thin, lengt.h about 8', number of ii!te,rno(h‘s 
30 — 40, length of internodes 3" — 4". TMohwss, nodes 0*0 to 0*8", 
iiiternodes 0*o"to 0*7", with a dilference of moretluin O*!'' bi'twefu. 
the nodes and the iiiternodes. Colour dirty ytdlow grism wiih 
black incrustations. Wax present in some places but uoi; veiy 
clear. Rooting band swollen, aerial roots present up to ahouL two- 
tliirds of the length of tlie eanes, occasionally sii])])r(‘ssed in som- 
nudes. Dormant buds flat, sprouting from tin.^ top due i.o borm*. 
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CoioHi' Imnd ijrowiURli, iiiconspicuoiis. Leaves benfc over from the 
n!i<l<[k 3 siz(‘ ()1‘ l)fa4o <ibout 3' by 1*5", colour dark gronii wdtli soniC" 
iinio.s a, ivddiah border. Ufjular hand yellowiali grecMi. Woibdit 
oi’ 1.00 caiios 106 11)3. ^ ^ 

Thus ea,i](', kiir<liy rlilfers from Barankhi. It has not llowered 
at fSabour and lian not been reported to liave iiowered a.nywbere 
elst^ in tile Province. It is as liai:)le to red rot and white borer 
a.s Bamiikha. 

13. Nargohi . — (Jlamys tail, almost iipriglit, but at first growing 
in a slightly spreading jnaimer. Canes indin’erimtly covered by 
dried lea,v'es and slnnths. TlUrrlnif 13, maximum obt.ained 30. 
(’((nes almost si raight, tall and thin, kmgth 7. y to sP, number ol 

internodes 30 -. 10 , leugtli, of internodes 3" 1". Tl>iekne,ss, uoih‘s 

0'(f to 0\S'h inten!o(l(‘s 0-0" to 0*7", with a, ditTeivnce of more than 
0*1" i)(‘tw('(m tli(‘ nodes aaid tli(‘ i nteriioik's. Coloar slightly 
brightei' tlia,n lUii'ankha, tlu^ yellmv being niori': nuirked, black 
i}im.'UBtaiions present. scaaity. Uoolliuf hand swollen, aerial 

roofs vviy <‘ommon up to twodrhirds or m(.)i*<' ol‘ the lengili, of the 
cane. Dorniani hads liat, sprouting from Cu' i,c>p. Vokmr band 
brownislh Leaves bent oV(‘r IVoni the middk', siy.<i of blade 3' 
by 1*5", colour dark greeji, l/f//dar band yellowish gi.*ooii. Weio'ht 
of 100 (nines lO-l lbs. 

This i^atie looks very si mi la, r to Baraakha, hut sommvhat 
brighter in (.'.oloiir, and has a slightly better tide ri ng (ja,])a,city. It 
has not ilower<Hl at (Sahoiii* and .li.as not he(m (.'(‘ported to have 
llowered anywhere else iii th,e Pi.*ovince. It is liabh* to attacks 
by .red rot a, ml white borer. The young canes grow aJmo,st like 
Khan iji a sjyi.'eading manner. 

11. K.E'rAi;i No. li. -Glnniips tall, almost ujiright, (.Janes 
indilT(‘r<.mtly covmvd by persisti'ut (.Iry leaves a,nd sheaths. Tiller- 
uuj S, maximmu obtained 20. Ckmes almost straiglit, tall and thin, 
hmgi,h 7' to O', mimbcu.* of intertK)d(^.s 30— 40, kngtli of iidsumodcis 
3" -1". Thirkness, luxh's 0*7" to 0*0", Internodes 0*(i" to 0*8", witli 
a di if ere lice of more than 0*1" between the nodes and the inter- 
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noilo,-^. Cohnr dirtv yellow gi-eeii witk black iiicnistation. ]!«.' 
a-autv uini not ven- clear. lioot.mj baiul swoUeu, aerial roois wry 
cominoii up to two-tbirds of the length of the caiic. IhrmiiU 
buds flat, sprouting common from the top of the cane. Cohiii 
band vellow’ brown. Leaivs bent over from the middle of the oanc, 
.size of blade 3' by l-o", colour dark green, ligahr band yellowish 
green. Weight oi” .100 canes 100 lbs. 

This cane is hardly distinguishable from Hamuklm or KewaU. 
It has nut ilowered at labour or anywhere else that we know of. 
It is lialdii to attacks of red rot and white borer. 

15. Chynia No. L—Chwips tall and almost upriglit, eanes 
covered with persistent leaves and sheaths. TiUermj 0, maxiimim 
obtained 23. Canes almost straight, tall and thin, length 1' to Sh 
number of internodes 30—40, length of internodes 3"— 4". Thickness, 
nodes 0’7" to 0*9", iuternodes O’O" to 0*8", with a diifeience of inori' 
than 0*1" between nodes and iuternodes. Colony dirty yellow 
green, with removable, black incrustations ; wax scanty and not very 
clear. Rooting hand swollen, aerud foots present up to two-thirds 
of the length of the caiie. Dormant buds Hat, sprouting common 
from the top. Colour hand brownish. Leaves bent over from tlu' 
middle, size of blade 3' by 1*5", colour dark green, with narrow 
red -border in some canes. Ligular hand yellowish green. Weight 
of 100 canes 90 lbs. 

This cane is liardly distinguishable from Baraukha, KewaU 
and Ketari No. LL It is very liable to red rot and white borer. 
Chjnia is suicl to Huwer in ditlerent places and at Saboui ; this type 
Ilowered in 1911. 



1(1, KiiARi.—Chnnps tall, spreading or bending over, canes 
indiflereiitly covered by dry persistent leaves and sheatlis. 




Tillering 8, iiiasdinum obtained 18. Canes more or less straight, 
length Ih'to S-V, number of iuternodes 25 — 35, length of internodes 
4" to 5". Thickness, nodes 0*7" to 0*9", internodes 0*7" to 0*8", ajul 
top of internodes 0*0" to 0*8", the dilfei'cnce between nodes and 
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iDternoi.les bei ng less than, 0*1". Oolour yellow green with patches 
of red, the y callow predominating, removable black incrnstation 
present. IFclc scanty except at wax band. Booting band llltlTOW., 
ae/'ial roots developed high up the cane to nearly two-thirds or 
three-quarters of the length of the cane. Dormant buds flat and 
tapering, sprouting from the top. Oolour hand brownish, pro- 
minent. Leaves straight, bending at the top, size of blade 3' 6" 
oy r5 ; colour green, ligular band brownish. Weight of 100 canes 
123 lbs. 

This cane differs from the Bansa and Baraulcha types in many 
respects winch will be found in Section IV. It is the only cane which 
flowers frequently and is reported to have flowered i]i many 
localities. It is also very liable to smut disease and to attacks of 
white borer, but does not suffer much from red rot. The young 
canes grow in a peculiarly spreading manner. 

17. Maneria. — Clumps tall, spreading or bending over, canes 
indifferently covered mth dry 2)ersistent leaves and sheaths. 
Tillenng 10, maximum obtained 25. Canes slightly curved, length 
S' to 10', number of internodes 25 — 35, length of internodes 4" — 5". 
TAic/mm, nodes 0-7'' to 0-9", internodes 0*6'' to 0-8'', with a differ- 
ence of about 0*1" between the nodes and the internodes. Colour 
yellow green with patches of red, black incrustation present. Wax 
scanty. Rooting hand broad and tiibercled, aerial roots usually con- 
lined to about 6 lowest nodes though occasionally some nodes high 
up the cane give out aerial roots. Dormant buds flat and provided 
mth two wing- like scales, sprouting from the top. Colour hand 
present, yellow brown or greenish. Leaves bent over, medium, size 
of blade 3|' by 1*7", colour light green. Ligular hand reddish. 
Weight of 100 canes 156 lbs. 

This cane differs from the Bansa and the Baraulcha types in 
n)an\ important poii^ts described in Section IV. It also differs 
from the Kliari vaiiety in certain respects. It flowered at Sabonr 
in 1911, but the anthers which contained bright yellow pollen grains 
were not found to dehisce. It is liable to attacks of red rot and 
white borer. 


VARIETIES OF STJOAEOANE AT SAEOTJF 

18. Pansmahi.— tallj spreading or ixjjjding over, 
canes inditfereiitly covered by dry persistent leaves atul she.a,t.hs. 
TiJhfhuj 10, maximum obtained 26. Canes slightly curved, lejigtb, 
8 to 1 O', number of internodes 25 to 35, length of interuodes 4" to 5", 
Thickness, nodes 0*7" to 0*9", internodes 0*6'' to O’S", with a dif- 
ference of about 0‘1" between the nodes and the internodes. 



Colcmr y<dlow green mth patches of red, black incrustations present, 
f j arc scanty. Root eng hand broad and tiibercled, aerial roots usually 
confuied to tlie lowest 6 nodes or thereabouts though occasionally 
roots appear high up the cane. Dormant hucls hat and circular, 
piovidfxl with two ving-like scales, sprouting from the top. Colour 
hand distinct yellow brown or greenish. Leaves bent over, medi urn. 
siEe of blade 3' 0" by 1-7", colour light green, ligulcir hand reddish. 
Weight of 100 canes 164 lbs. 

This cane is hardly distinguishable from Maneria. It howered 
at Sabonr in 1911, tbc flowers being similar to those of Maneria 
and Klmri tlie anthers did not open. Like Maneria it is very liable 
to red rot and white borer. 


• ^ 19. Lata.— tall and spreading or bending over, canes 
indiheyently eoyei'ed with dry persistent leaves and sheaths. 
Tillering 11 , maximum obtained 23. Canes somewhat curved, length 
8' to 10'. number of internodes 25—35, length of interuodes 4"— 5 " 
Thchiess, nodes 0-7" to 0*9", internodes 0-6" to 0*8", with a 
difl-erence of about Od" between the nodes and the intomodes 
Cobur yellow green vflth patches of red, black incrustation present 
11 ax scanty. Roolmg hand broad and tnbercled, aerial roots\muxlly 
confined to the lowest 6 nodes thougb. occasionally found bioh ii]) 
the cane. Dormant buds flat and circular, sprouting from tiro top. 
CoZou/ tof? present, brownish or greenish. Leaves medium bent 
over, size of blnxle 3' by IT." or more, colour light green, lignlax band 
reddish. Weight of 300 canes 144 lbs. 

^ TWs ea,«e is hardly cUstingidshable from Mauc-ia, but if auv- 
tior^er at Sabour nor has been reported to have flowered anywhere 
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else in the Pro\hnce. It is very liable to attacks oE red J'ot and 
white borer. 


20. IvHAGPj. — Clunvps tall and spreading, canes indifferently 
covered hy dry persistent loaves and sheaths. Tillerimi 12. Ounes 
soinewliat curved, length 8' to 10', number of internodes 25—35 ; 
length of internodcs 4" — 5". Thichiess, nodes 0*7" to 0*9", inter- 
nodes 0*0" to 0’8", with a difference of about 0-1" between the 
nodes and the internodes. Colour yellow green, with patches of 
red, black incrustations present. Wax scanty. Iloo/ing hand 
broad, aerial roots usually confined to the lowest 6 nodes, occasionally 
rooting high. Dormant huds fiat and circular, sprouting from the 
top. Colour hand present, brownish or greenish. Zecw’c.? inediuin, 
bent over, size of blade 3^ by 1*6", colour light green, ligidar 
hand reddish. Weight of 100 canes 137 lbs. 

This cane is very similar to Maneria. It has nob flowered 
at Sabour or anywliere else in the Province that we kmow of. It 
is very liable to red rot and white borer. 

21. Ketaei No. III. — Clumps tall o,iid spreading, canes 
indifferently covered by dry persistent leaves and sheathsr Tiller- 
ing 9, niaximuin obtained 18. Cknes slightly curved; length 
8'-10', number of internodes 25—35, length of inteiamdes 4" to 5". 
TMchiess, nodes 0*7" to 0*9", internodes 0*0" to 0*8", with a differ- 
ence of about 0*1" between the nodes and the internodes. Colour 
yellow green with patches of red, black incrustations present. Wax 
scanty. Booting hand broad and tubercled, aerial roots usually 
confined to the lowest 0 nodes, but occasionally present at the 
higher nodes. Dormant huds flat, sprouting from the top. Colour 
hand present, brownish or greenish. Leaves medium, bent over, 
size of blad('. 3' by 1*7", colour light green, ligidar band reddish. 
Weight of 100 canes 144 lbs. 

This cane is hardly distinguishable from Maneria. It has 
not flowered at Sabour and has not been reported to have flowered 
anywhere else in the Province. It is very liable to attacks of rc'cl 
rot and wlu'te borer. 


|3g VAllIF.TIES Oi* SUOABOANB AT SABOUR 

33. CiiY-MA Xo. T\.—Olum.ps tall and spreading, panes even'd 
indifferent Iv with dw persistent leaves and sheaths. Tdknmj 
m-5. Canes rnore or‘le.ss straight, length 7 '- 9 ', nnmber ol int.w- 
uode.s 2e— 35, length of internodes about 4". Tkchms. nodes 
0-7" to O-S", internode.? O'O" to 6’7", with a difference of about O'l" 
between the nodes and the internodes. Colour yellow green, 
with rad patches and black incrustations. Wax scanty. Roohwj 
hand broad and tubercled, oeriol rools usually confined to about 0 
lowest nodes, but sometimes rooting high. Dormant huds flat. 
Colour hand present, browmish or greenish. iMes medium, bent 
over, size of blade 3' by 1-7", colour Ught green, ligiihr hand 
redclisli. WGight of .100 canes not available. 

Tliis cane is similar to 3ianeria and is very liable to red rot 
and Vrddte borer. It lias not flowered at Sabour. 

23. .Khelia. — Clumps spreading or laid on tbe ground, rarely 
standing up, canes indifferently covered by dry persistent leaves 
and slieatbs. TiUering S, maximuin observed 16. Canes very 
much curved, lengtii 8' to 10', number of internodes 25 to 30, length 
of internodes o" to 6". TMchness, nodes 0*8" to 1", internodes 
0*6" to 0*8", with a difference of more than 0*1" between the 
nodes and the internodes. Colour varies from red to reddish yellow, 
vrhexe covered by sheatbs, black incrustations present here and 
there. Wax present all over the cane but more thickly at wax band 
Rooting hand v^ll marked, broad and tubercled ; aerial roots 
usually confined to the lowest 6 nodes. Dormant huds longer than 
broad, flat and tapering, usually situated in sunken groves, sprouting 
rarely from the top of the cane where laid. Colour hand yellowish 
or reddish.. Leaves medium to hroad, bent over at the top, size of 
blade about 3' 6" by 2", colour light green, Uguhr band brownisli 
with faintly reddish edges. AVeight of 100 canes 168 lbs. 

This cane is very different from the canes previously described. 
It flowered at Sabour in 1911, when the ant hens dehisced. It is 
not very liable to red rot or white borer. 
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24. Striped Bansa. — Olumqys tall and iipriglit, or aligiitiy 
spreading, canes very indifferently covered by loosely persistent dry 
leaves and slieatlis. Tillering 1, maximum observed 10. Canes tail 
a.nd more or less straigbt, intemodes slightly zig-zag, length T to S', 
number of internodes 26 to 35, iengtli of internodes 3|" to 4^". 
Thwhness, nodes 0*7" to 0*9", internodes 0*65" to 0*85", with a differ- 
ence of less than 0*1" between the nodes and the internodes. Colour 
striped yellow and red, black incrustations occasionally present. 
Wax scanty except at the depressed wax band. Rooting hand 
nari'ow^ and almost inconspicuous ; aerial roots confined to the lowest 
6 nodes. Dormant huds variable in shape, generally long and taper- 
ing and provided with two wnng-like scales, sprouting from the top 
common. Colour band deeper reddish than the surrounding region. 
Leaves medium, straight with a bend, at the top, size of blade 3' 
by 1*5", colour light green, ligular hand brownish. Weight of 100 
canes 164 lbs. 

This cane differs from the above and all other canes in many 
important points. It is not very liable to red rot but white borer 
is frequently found to attack it. It has not flowered at Sabour and 
is not reported to have flowered anywhere else in the Province. 

25. Kajla. — Clumps tall or rather of medium height and 
spreading, canes loosely covered by dry persistent leaves and 
sheaths. Tillering 6, maximum observed 14. Canes slightly curved, 
length T to 8', number of internodes 25 to 35, length of internodes 
4" to 5". Thickness, nodes 0*9" to 1", internodes 0*9" to 1", and 
top of internode slightly less than the middle, the narrowest part 
being the wax band which forms a depressed ring. Colour varies 
from light red to deep purple. Wax present thinly all over the 
cane and very thickly in the wax band. Rooting hand frequently 
yellow and conspicuous, or red and inconspicuous. Aerial roots 
usually confined to the lowest 3 or 4 nodes. Dormant buds well 
developed and prominent, sprouting rare. Colour hand deeper than 
the surrounding region, iyeaws large and spreading, size of blade 
about W by 2", colour light green, ligular hand dark brownish. 
Weight of 100 canes 226 lbs, 
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VATiSETlES OF SUCJAEOAXIi: AT SABOUH 


no 

I'bi.s cane is !iot very liable to attacks of reel rot, but wiiit('. 
borer is i']'e<|iiei)tlT foiiue] to attack it. It lias act tlowered at 
Sa,buin’ aud lias not been repoited to have Howered aiiywliere els*' 
iji tile Proviuce. Tiie shape of the cane indicates that it may be 
a de|k{en crated ’.Maui-itius cane. 

21). PiED AL-UJiaxius. — Chmpstidl, upright or slightly spread- 
ing. Caiics exposed in many parts. Tlllenmj 5. Canes more or 
less straight, length 7P to Sh', number of iuternodes 20 to 30, 
ieugtii of internodes 4" to 5". TJmImess, nodes 0'9'Pto 1*2", inter- 
nodes 0-7" to 1*2". top of internodes about the same as the middle 
or slightly less, the naiTowest part being the depressed wax band. 
Oolout' varies from light red to purple. Wax thin coat present all 
liver the canes, thick at the wax hand. Rooting bard naiTOW and 
either of the same colour as the cane or yellow where the cane is 
eoA^ered by slieatiis. Aerial roots usually confined to the lowest 
3 or 4- nodes. Dormant bads slightly tapering, sprouting rare. 
Colour hand almost invisible. Learns large and spreading, size of 
blade about 4' by 2", colour light green, Ugular hand reddish 
brown. Weight of 100 canes 287 lbs. 

This cane is somewhat similar to A'a/k though distinguishable 
from it. It has not flowered nor has been reported to have flowered. 
It is not very liable to red rot, though white borer is occasionally 
found to attack it. 

27. Bombay.— tall or of medium height, spreading, 
canes mostly exposed. Tillering 5, maximum obtained 11. Canes 
straight or slightly curved, length 6' to 7', number of internodes 
25—30, length of iuternodes 4" to 4|". Thickness, nodes 1*1 " to 1*3", 
interriodes 1*1" to 1*5", top of iuternodes PI" to P3", hence the 
iuternodes are sometimes barrel shaped. Colour light red to 
chocolate. Wax present all over the cane, more thickly below 
nodes in wax bands. Rooting band inconspicuous or yellow whcr(^ 
covered by the sheaths. Aerial roots usually confined to the 
lowest 3 or 4 nodes. Dormant buds tapering, sprouting almost 
absent. Colour hard inconspicuous. Leaves large and spreading. 
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sizfi ol blade 4' 0" by 2‘o", colour liglit green, ligiilar bn 'mi brown iftli, 
W eigiit of 100 canes 348 ibs. 

A j'atliej* soft and good die wing cane, very lialde to i‘(‘d rot, 
but almost free from the attacks of white borer. It has not flow(U’ed 
at Saboiir. 

28. Red Bombay. — OiJuwips tall or of niedinin lieight , spreading, 
canes mostly exposed. Tille'nng 5, maximum obtained 10. Canes 
straiglit oj' slightly curved, length 6' to 7\ number of iiiternodes 

— 30, length of internodes 4" to 4|-". Thickness, nodes 1'' to 

internofies 1*1" to 1*5'' and top of internodes about the same 
as nodes, hence the internodes are sometimes barrel sliaped. Colour 
light r(Ml to diocolate. Wax present all over the cane, more thickly 
in wax band. Rooting band sometimes yellow and conspicuous 
where covered by the sheath, aerial roots usually confined to the 
lowest 3 or 4 nodes. Dornumthiidstnigeviiig, sprouting rare. Colour 
band inconspicuous. Leaves large and spreading, size of blade 4.^' 
by 2*5", colour light green, ligular hand brownish. Weight of 100 
canes 287 lbs. 

This cane is exactly similar to Bombay, and is probably the 
same cane, with a diherent name. It is a soft and good chewing 
cane, rather liable to attacks of red rot, but free from white borer. 
It has not flowered at Sabour. 

29. BHUEi.—Okmps tall or of medium height, spreading, 
canes mostly exposed. Tillering 6 , maximum obtained 12. Canes 
straight or shghtly curved, length 6' to 7', number of internodes 
20 — 25, length of internodes 4-i-" to 5". Thickness, nodes 1" to 1*2", 
internodes 1" to 1*3", top of internodes 1" to 1*2", hence tlie 
i nternodes are slightly barrel shaped. Colour light red to chocolate. 
IFax prestmt all over the cane, jnore thickly i]i wax hand. Rooting 
hand inconspicuous where exposed, yellow where covered by sheath. 
Aerial roots usually confined to the lowest 3 or 4 nodes. Dormant 
buds tapering, spi’outing rare. Colour band inconspicuous. Leaves 
larger and spreading, size of blade 4' 6" by 2*5", colour light green, 
Injtilar band brownish. Weight of 100 canes 287 lbs. 
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TAHIETIBS OF 3UGAECANE AT SAGOUK 


Tins cane is exactly similar to Bombay and .Red Bombay, and 
is probably tbe same cane witli a different name. It is o, soft and 
good chewiiig cane like the above, but is very liable to attacks of 
red rot, tiiuugli comparatively free from the attaclvs of vvdiite l)oi'ei% 
.It has not flowered at Saboiir. 

30. Red Java. — Clumps tall and typically upright, canes 
mostly exposed. Tillering 4, maximum observed 9. Canes 
typiciiily straight, length T to 8', number of interiiodes 20 — 30, 
length of internodes to 54". Thickness, nodes l*.l" to .Ro", 
internodos i" to 1*3", A^ith little or no difference between, nodes and 
internodes. Colour yellow green with a tinge of red, wlum fully 
ripe somewhat broAvnish Avith longitndiual strcaics. Wax almost 
absent in the mature i.iiteriiodes but thickly preseiit in the Avax 
band. Rooting hand often Avell marlced. Aerial roots usually co]i.- 
fined to the 3 or 4 West nodes. Dormant hurls very small and 
hemispherical, sprouting absent. Colour hand narroAv and deeper 
coloured than the surrounding region. Leaves large and spreading, 
size of hlade o by 2-5", coloiii’ light green, liguhr hand brownish. 
Weight of 100 canes 350 lbs. 

A tluck but very hard cane often becoming pithy in the centre, 
hence not a good chewing cane. It is not very liable to red rot and 
is free from the attacks of Avhite borer. It has not ffoAA^ered at 
Sabour. 

31, Red Tanna. — Clumps tali and typically upright, canes 
mostly exposed. Tillering 5. Canes typically straight, length 
7' to S', number of internodes 20—30, lengbh of internodes 41," to 
o4". Thickness, nodes 1" to 1*5", internodes 1" to 1*5", slightly 
naiTGAA-er at the top of the internode. Colour }elloAv green with 
a tinge of red, AAdien fully ripe someAvhat brownish with longitudinal 
streaks. Wa^x almost absent in the internodes, thickly present 
in the Avax band. Rooting hand often well marked. xUrial roots 
usually confined to the lowest 3 or 4 nodes. Dormant bads vei.'v 
small and hemispherical, sprouting absent. Colour hand narrow 
and deeper coloured than the suiTouiiding region. Leaves large 
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and spreading, size of blade 5' by 2*5", colour ligiit green, Uguhr 
7;rm£^ brownish. Weight of 100 canes 370 lbs. 

This cane is exactly similar to Red Jaxa and is probably the 
same cane with a different name. 

32. White Mauritius. — Clumps tall and iiprighb or slightly 
spreading, canes mostly exposed. Tillering 5, maximum obtained 
10. Canes straight or slightly curved, length 7' to 8', number of 
internodes 25 to 30, length of internodes 4" to 5". Thickness, nodes 
0*9" to l*.l", internodes 0*9" to 1*1", with little or no difference 
between the nodes and the iiiternodes. Colour greenish yellow. 
Wax, thin coat present all over the cane, thick deposit at the 
depressed wax band. Rooting band inconspicuous. Aerial roots 
usually confined to the lowest 3 or 4 nodes. Dormant buds flat and 
pointed, provided with two wing-like scales, sprouting rare. Leaves 
large and spreading, size of blade 4' by 2", colour light green, ligular 
band brownish. Weight of 100 canes 287 lbs. 

This cane has not flowered at Sabour. It is not very liable to 
attacks of red rot or white borer. 

33. Dhalsunder. — Clumps tall and spreading, canes mostly 
exposed. Tillering 6, maximum obtained 11 . Cams straight or 
slightly curved, length 7' to 9', number of iiiternodes 25 to 35, 
length of internodes 4" to 5". T/wc/jness, nodes 0*9" to 1*5", inter- 
nodes 0*9" to 1*3", with a slight difference in thickness between the 
nodes and internodes. Colour yellow green with tinge of red, 
ripe canes brownish. Wax almost absent except at the wax band. 
Rooting hand inconspicuous. Aerial roots usually confined to the 
loAvest 3 or 4 nodes, occasionally liigher up. Dormant buds long 
and tapering, situated in grooves, sprouting rare. Colour hand 
deeper than the surrounding region. Leaves large and spreading, 
size of blade 4' by 21", colour light green, ligular band brownish. 
Weight of 100 canes 287 lbs. 

A good soft chewing cane though occasionally liable to become 
pithy in the centre. Not veiy liable to attacks of fungus or insect. 
It has not flowered at Sabour. 
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V^iEIFiTIES OJ? SUOAIiOANE AT SABOTTE 

^14. Ben-aresia-Nepali. — Cltmps itiedium or hIioi,*!-,, Hligiitly 
^Aeadiiig or iipright. canes indilferently covered dry persisiu^nl; 
leaves A 3 id slieatiis. Tillering 6, niaximian obtained 15. Vanes 
aiiiiost straight or slightly curved, length 6' to 6', .niunb(.'r of iidan,*' 
nodes 20 to 25, length of internodes 3-J" to 4-1", Thickness, nodes 
0*0' fco internodes 0*9" to 1'3", "vvith slight dilferencein tliiclciicss 
between nodes and internodes. Colour yellow and green in which 
the green predoniiiiates, sometimes a tinge of red. is also p.reseut. 
11 very scanty except at tlie wjix band. Rooting hand incon- 
spicuous. Aerial roots usually confined to the few lowest .nodes, 
occasionally rooting very high. Dormant buds tapering, sproiitijig 
rare. Colour ba.nd deeper than the surrounding region. Leaves 
large and spreading, size of blade 41' by 2-1", colour light green, 
ligular band yellovdsh. Weight of 100 canes 240 ibs. 

A good cJieAving cane usually free from red rot and white borer. 
It has not .dowered at Sabour. 

1 35. fe.iiAMSHARA. — Clumps short or medium, upright or sliglitly 

spreading, canes ijidiiferently covered by dry leaves and sheaths. 
Tillering ^ 5, maximum obtained 7. Canes more or less straigiii, 
length 5' to O', number of internodes 20—25, lejigth of ijiternodes 
3 to 4 . Huckness, nodes 0*0" to Id.", internodes 0*9" to Ivl", with 
little 0.1 no dideience in thickness between the nodes and internodes. 
Colour yellow and green in which the green predojninates, sometimes 
a tinge of red is also present. IVax very scanty except at the wax 
band. Rooting hand inconspicuous. Aerial rods usually co.nline(l 
to the few lowest nodes, occasio.nally roots are developed liigh 
up the cane. Dormant buds tapering, sprouting rare. Colour band 
deeper tlian the surrounding I’egion but .not well defined. Leaves 
large and spreading, size of blade 4' 6" by 2-5", colour light 
green, hgular band yellowish. Weight of 100 canes 205 lbs. 

This cane appears very similar to Benaresia-^Nepali and is 
probably the same cane mtli a different name, it does not seem 
to be doing well at Saboiir though it is a famous cane of Eem^al 
-t IS a good chewing cane and is generally free from, the attacks 
of red rot or viuto borei-. It has not flowered at Saboiir. ' 
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36. SuKLi. — The cane has considerably deteriorated since 
introduced at Sabour and the observations of the last 2 or 3 years 
are useless and misleading. Hence the observations of 191,1 are 
given below : — Clumps tall, straight up or slightly sprea<liijg, caiies 
iiidilferently covered by dry persistent leaves and sheaths. Tillering 
8, maximum obtained 15. Gams more or less straight, length 7' 
to 8', number of internodes 25 to 35, length of interiiodes about 4/', 
Thickness, nodes 0’9" to 1*1", internodes 0*9" to Tl", with constriction 
Eit the wax band. Colour lemon yellow and green. Wax. scanty 
except at wax band. RooLing band inconspicuous. Aerial roots high 
up the cane. Dormant small. Colour band narrow but in- 
distinct. Leaves large and spreading, size of blade 4' by 2*5", 
colour light gmeii, ligular hand yellowish. Weight of 100 canes 
230 lbs. 

A very good and soft chewing cane when growing to perfection, 
but very liable to red rot. It has not fioAVered at Sabour. 

37. PuKi. —Iike Suhli this cane has also much deteriorated 

since introduced at Sabour and the oliser vat ions of the last 2 or 3 
years are misleading, hence the observations of 1911 are given beloAV. 
Clumps medium and slightly spreading, canes indiffereJitiy covered 
by dry persistent leaves and sheaths. 8, maximum 

observed 21. Cane more or less straight. 6' to 7',]) umber 

of internodes 25 to 30. Length of internodes about 3". Thichms, 
nodes 0*9" to I'l", internodes 0*9" to 1*1", with a constriction at the 
wax band. Colour gt&QXx to amber yellow, almost absent 

except at wax heend. Rooting hand iiiQompncnom, Aerial roots 
high up the cane to nearly two -thirds of the cane. Dormant buds 
tapering. Colour hand indistinct. Leaves large and spreading, 
size of blade 4' 6" by 2", colour liglit green, Ugular hand yeiloAvish 
broAvn. Weiglit of 100 canes 165 lbs. 




IV.— Classification of vajueties. 
tlic above descriptions of the varieties before us we are 
now in a position to come to some conclusion regarding their rela- 
tionships. 

A.— Shorter BUSHY CAWES. 

(ifouf 1.— A stud}?* of the first seven varieties Buxaria, Hemja, 
Mango, Leivan, Rlieora, Paimri and Poraya shows that they are 
very similar and may be grouped together as short bushy canes 
with the following common characters. 

Clumps short, erect or slightly spreading, canes completely 
covered by dry persistent leaves and sheaths. Tillering com- 
paratively high, between 10 to 16. Canes more or less straight. 
Length 5' — 6', number of internodes about 30, length of internodes 
about 3". Thickness varies from 0*6" to 1" with no difference 
between nodes and internodes. Colour honey yellow to sea green 
in varying proportion. Wax thicldy present all over the cane, 
more tlucldy at the wax band. Rooting hand inconspicuous. 
Aerial roots typically absent. Dormant buds stout and conical, 
sprouting coniinoii where attacked by white borer. Colour hand 
absent. Leaves narrow with a bend at the tip. The arrangement of 
the leaves at the crown is shown in Fig. 1, Plate III, size of blade 
3' to 3' — 6" by 1'^ — Po" ; colour light green, ligular band yellowish 
green. Weight of 100 canes varies according to the size and 
thickness. Not given to flowering nor liable to attacks of 
red rot. 

The canes differ somewhat from each other in these respects, 
but it cannot be said that they could always be distinguished by 
these characters even when grown and examined side by side. 
Buxaria, Hernia and Poraya are slightly thicker and have a lower 
tillering capacity than the other members of the group, Paunri 
being intermediate. As regards leaf characters Buxaria and Poraya 
have broader leaves than the rest. Poraya is taller and more 
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►Spreading tliaii Buxaria. Lewari and Mango are very similar and 
are sliorter than Pamiri and Rheara, which last cane has the liighest 
tillering capacity of the group. 

Group 2. — SJmkarchyma occupies an intermediate position 
between the above canes and the canes which follow, namely, Bansa 
and Ketari No, 1. It agrees with the , short bushy canes in the 
appearance of the clumps, in high tillering, in the appearance, 
length and thickness of the canes and in the colour of the cane, 
but it differs from them in many important points. The average 
internodes are longer than in the above group, being nearly 3*5'', 
wax is scanty except at the wax band, aerial roots are developed in 
the lower nodes, and sometimes also in the higher nodes, a distinct 
though narrow colour band is present, the leaves are typically 
straight and arranged in a fan-like manner and they are also 
shorter. It will be presently seen that in the presence of aerial 
roots and the colour band it agrees with the Bansa type though 
the leaf arrangement is peculiar to itself. It should also be noted 
that this cane is given to flowering. 

B.— Tall canes. 

Next to BhakafGhynia we have a large number of canes which 
are comparatively tall and may be grouped under Tall canes. They 
include canes numbered 9 to 22. By a comparative examination 
of these canes it is possible to sub-divide them into four distinct 
groups, three of which have been represented in Plate II. 

Group 3.--"The first of these groups includes canes numbered 9 
audio, namely, Bansa and Ketari No. I with the following charac- 
ters : — Their bushes are seldom upright, but mostly spreading or laid 
on the ground, canes usually unevenly covered with dry persistent 
leaves and sheaths ; tillering lower than the 1st group ; internodes 
longer than in the first group, being 3" to 4", aud differing from 
Bhakarchynia in having their nodes thicker than the internodes, 
except for the black incrustations colour bright yellow green as in 
jShakarchynia and wax as thick as in the first group ; rooting band 
and internodes with peculiar brown streaks. Aerial roots and 
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eo1o\ir bauds developed but tbe rooting usiialiy confined to the 
i(nvcst six nodes ; leaves more or less upright and arranged in i-he 
iiiojiner shown in Plate IIL Fig. 1, ligular band faintly rcildish, 
yellow, the red being often in the border. 

The two canes in this group differed slightly in length and 
tiuckness in 1913. but in their other characters they would appear 
to f)e of one type, 

(h'oup 4. — The next group of tall canes include Bafairkha^ 
Kewali. Ndrfjon. Ketmi No. II and Gliynia No. I and are distin- 
guished by having their bushes iiijright or slightly spreading, 
in exhibiting a well marked difference in thickness between, the 
nodes and the internodes, the thickness of which is often more 
tlian O’i" ; except in iVarjyoH the colour is usually a dirty yellow 
green. The aerial roots are developed high up the cane. The 
colour band is incon.spicuoiis. The leaves are more or less bent ovcj”. 
The arrangement of leiives in the crown is an advanced form of 
what has been represented in Plate 111, Fig. 2. The canes of 
this group are apparently all of one type except Nargori, wliicJi 
differs from the others only in its higher tillering capacity, brighter 
colour and the spreading habit of its young shoots. The group 
agrees more or less with the previous group in tillering, in the length 
and thickness of canes and in the number and length of its inter- 
nodes. 

Group 5. — The variety Khari occupies a place intermediate 
])etween the Barauhlia and Maneria groups. In. fact excc'.pt in 
having aerial roots well developed liigh up the canes it has no other 
point of agreement with the Baraukha type : and alfcliougb it 
agrees with the Maneria group in certain points it still has 
characters of its own which separate it from the Mxmeria group. 
The colour band is broad and prominent and the ligular band is 
brownish. The cane flowers frequently and is peculiarly liafik. 
to attacks of the Smut disease. 

Gro}ip 6. — The Maneria group is represented by Maneria, 
Panslmh, Lata, Klmgri, Ketari No. Ill and Ghynia No. II. They 
are more or less similar in appearance and it is difficult to separate 
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tkeni from oiic aiiofclier. The clumps arc more spreadiug than 
Ikimukha group tiioiigh not as prostrate as tlie group* 

In tillering all the tall canes seem to agree more or less. In 
length and tliiclviie,ss of the cane the Maneria group appears 
superior to the others, only Khari approaching it in lengtli. In 
number and length of interiiodes we find that the average numbeu’ 
of internodes is 25 to 35 and the average length of internodes 
d" to o" a>s oonipared with 30— -40 internodes and 3'' to 4" length 
internodes in Batisa and Bamu-Ma groups. In this respect i^lso 
Khari is similar to the Maneria type. Tire difference in thickness 
between nodes and internodes in the Maneria group is about O'l 
Tlio rooting band is promimmt and tubercled and aerial roots 
usually confined to the lowest G nodes thus agreeing with the 
group but differing from the BaraiiJcha group and the KJirtri canes. 
A <listinct colour band is present in this group, thougli not as well 
marked as in Khari. in leaf characters it agrec^s with the 
group but the ligular band is reddish here as distinguished from 
yellowish in Baraukha group. The difference between the indivi 
dual varieties of this group would appear to be. so small as to allovi 
of fdiem being classed as one type. 


Distinguishing characters of groups of tall canes. 


.For the sake of convenience the chief 
of the various groups of tali canes are given in the 
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Group, 7 and S. — Striped Bansa is the only striped cane that, 
lias been grown here and Klwlia is a tall red cane with swollen nodes, 
this cane is Uvsnally badly laid and is distinguished by being tin' 
only cane which has produced fertile anthers here. 

C,—MiSCELLANEOUS THICK CANES. 

The reniaining canes are niostly foreign canes each with its 
own distiiiguisliing characters which will be found in the descrip- 
tions. The canes have not grown sufficiently well at Sabour to 
enable us to be certain of their characters and so we only put forward 
tlie following suggestions. All except and Fun have large 

light yellow leaves. The varieties Bombay, Red Bombay and 
Muri appear to be the same cane with different names. Bimi- 
larly Red Java and Red Tanna are also probably the same cane 
with twm different names. Benares ia-Nepali 3 t,Rd Shamshara seem 
to be closely allied canes and were probably originally the same 
cane. Khajla may be a degenerated form of Red Mauritius, A\ith 
which it agrees in the barrel-like shape of the cane. It differs, 
however, from Mauritius in having a more spreading habit, more 
persistent leaf sheaths, deeper colour and a thicker deposit of wax. 
SiiMi and Puri have not growui satisfactorily at Sabour and we do 
not venture to offer any opinion on them. 

In the above paragraphs the canes have been classified 
generally into groups but usually no great stress has been laid on 
stating whether the varieties of a group are exactly of one 
type or not. This is due to the fact that the influence of ciiltiva“ 
tion and season affects many of the characters examined to such 
an extent as to make it difficult to do this, until all the varieties 
shall have been studied side by side in various environments. 



Y.— Conclusions. 

Tile chief interest of this paper lies in the fact that it records 
the results of the first attempts made in India to propagate sugar- 
cane by the method of pure line cultures. From the information 
gi\en in the Introduction it is clear that any attempts to obtain 
reliable results from experiments on the agricultural botanical, 
or chemical characters of cane varieties must iirove a.bortive unless 
pure cultures are used for the experiments. 

When once the local varieties had been established in pure 
culture and the various types isolated it was possible to undertake 
accurate woric on the study of their distinguishing, characters, 
regarding which very little exact data had previously been collected. 
The information obtained on the subject of the distinguisliina 
characters of the cane is dealt with in Sections 11 and III and 
Appendix II, from which it will be seen that there are a larger 
number of simple field characters by which cane varieties can be 
distinguished. 

In addition to their obvious use in distinguishing cane varieties 
it is hoped that the detailed observations made regarding the 
various varieties will prove useful in studying the behaviour of 
these canes under different climatic and soil conditions and it will 
thereby be possible to obtain an idea of the suitability of the 
\arious groups of. canes for the various cane tracts of India. The 
results oHliese observations should also in future jmovide useful 
information regarding the subject of deterioration.^ 

’ not uulikelp Iwvever, that the degeneration of the dhcml cane of the United Provinces 

to ohcu,ih and dhumari^ clue ratlier to the admixture of these inferior types than to deterioration 
cutting.s of United 
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lifi 

h; lias uiifoitnnjitely not beou liitlierto possible to take U|) tlui 
Rtudy of the cbemical and agrioiiltiiral characters of the (uano on a 
snilieieiir.ly hirge scale to ensure results owing to the small an'a 
available for sugarcane work here. These most important branches 
oi the work must therefore lie fallow for the present, and a complete 
account; of the caLie varieties and their products with any recom- 
iiiemlatioiis as to the best varieties for cultivation is at presejit 
out of tile spiestion. 



xVPPENDlX I. 

Table sJmving the history of ihe cane varieties. 


I 


, I joi-rtlit y 

No. ■ Avhciic(‘ 

i ol;itain(‘(i. 


Flo! niini I km- of crop planted in .spi'iny of 


1 ; Bangla 


2 ' Bansa 

Furulia 

3 ' Bar.au kha 

Bfhta 

4 Benarasia-, 

Baiikijtur 

; Ne]jali. i 
r> Bomitay 

1 Calcutta 

0 ' Bom hay 

iSutgaeliia 


oO 
t:}, 1-1 


7 [ Bluiri 

8 j Euxfiria 

, 


Muhisjuial 72 , "i 
Belita 7 , 


Cliynia | Behta 


Dhalsun- I Kiistia 

dill-. : 


Ronija ; '^jiran 


8i>, !H) 

20. 20 


I Bui'dwaii 
! Farm. 


22 ! 
22 . I 


28 

28 


4 A 
4 A 
4 B 
4 B 
1 

2 

3 

3 

3 

34 


10 

10 


1912. 

1913. 

HAD 

12A 

9E-F 

1 2B 

13A-1> 

I7A 

1.3 R-l 

17 B 

33A-C' 

3r)A 

22A-C 

21 A 

22!)-F 

27 B 

23A-lj 

2.SA 

23{’-l) 

28 B 

24A-B 

29A 

24C-D 

29 B 

lA-B 


1C 

3A 

1 D-F 

3B ; 

21A-B 

i.- , 2()A i 

21C I 

20B ! 

21E-F 

2.oA ! 

21G-H: 

2oB i 

34A-B 

3r.A : 

34C-i) 

3011 

2A-E 

4A 

2F-H 


2liA-B 

31A , 

2(iC 

31 B 1 

12A-B 

loA ; 


S 

11 


20 

S 


jChynia Xo. IT 
I . . do. , . 

i do. Xo. T 

! do. do. 


Also 20 (J, H of 
’12 as loBof 
’13 .sent to 
•S <>. p a a ; 
Ketari No. 1 


Ool. 0 -'Idle ero[) plantcal in 191 1 is the first crop derived from single selected plants. 

Col. 7 :~The plots A, B & C of each variety in 1912 were derived from .single selected ])lants 
and a.s they were all derived from the original single selected plants in 1011 
it is immaterial as to which plot wa.s used for continuing the strain in 1013 . 

Col. 9 : — I'he letter S represents the strain sent to the Sepaya sugarcane station for field te.sl.s 
Col. 10 : — l-S indicates that this strain was Loth planted at Sahour and sent to Sepaya. 
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Table showiwj the history of the cam varieii(\s.-~c<mUl 


1 

. 2 

3 

: ! :■ 

: 4: t'o; 

6 

7 

s 

1 


:i(> 




Plot number of crop planted 

in spring 

of 




Locality 



yesit 




Bl'iAIAllKH. 

:N0. 

Kaine. 

whence i 




















1 

1909. 

1910. 

1911. 

1912. 

1913 

1914. 


.... 





44 

12G-I 

16A 

14 

Also 201- J of 










M2 as 16 B of 







1 



M3 sent to 







. I- 



Bepava, Kc- 







1 



lari No. Ji. 





j 





Kctari No. 










HI. 

14 


Kanti 

39 

14 ' 

uO 

20Ad) 

24A 

21 




(Muzaf- 


14 ! 

37 

20E-F 

24B 

B 




fixrpnr). 


■ 1 






15 


Buhta 

16, 17 

'7 . j 

47 

14A-1> 

18A 

12 






■7 

48 

UE-ri 

18B 

S 


16 

Khagri 

Midna- 

77, 78 

30 1 

62 

19A-1) 

23A-B 

20 

4-B ■ 

17 

Khajla . 

Bnrdwan 

92, 93 

35 

69 

2.5A 

30 A 

25 




1 ■ - " 


35 

70 

25r>-l') 

30 B 

S 


,18 

Khari 

Dumraon 

06, 67 

26 

8 : 

IID-P 








: 26 

' 7 ■ 








■■'li rr 

26 - 

:: 9- 

IIG-H 

1 14:B 

s 


18 

(a) Khari 

Bnrdwan 



■■■. ■: 2 .. 


i 

1 ‘ ' ' ■ 





Farm. 







i'' 






3 

llA 

.14A 

1 16 ' 







■ 4. 










6 

11B,C 




IS 

(b) Khari 




88 




1 

19 

Khelia 

Kn.stia 

63,' 64 

23 

53 

lOA-C 

13A 

23 






23 

,54 

lOD-F 

13:b 

S 


20 

Lata 

Kustia 

58, 59 

21 

59 

18A-D 

22A 

19 






21 

60 

ISE-H 

22B 

S 


21 

Lewari 

Palmer- 

5.5, 56 

19 

26 

4A-L 

7A 

4 




gunj. 


19 

27 

4M-P 

7B 

S 


22 

Maneria 

Patna 

32, 33 

11 

55 

16A-D 

2()A 

17 




(Patna) 












11 

56 

16E-H 

2o:b 

S 


23 

1 JIango 

Fatua 

35 

12 

20 

3A,B 

— 

— 




(Patna.) 


.'If 










12 

21 

3C-i:) 

5 

3 

-i-s 


1/; 


■ i ■ 

12 

22 






Ool. (> :~The crop planted in 1911 is llie first crop deri-vcd from sinjjilc selected ]>l!ints. 

Col. 7 r— The plots A, B & C of each variety in 1912 were derived from siu^i,de selected 
plants and as they were all derived from the original single seleotcfl plants 
in 1911 it is immaterial as to which plot was used for contiiming the si.rain 
in 1913. 

C'oi. 9 ; —The letter S represents the strain sent to the Bopa}^ sugarcane .station for 
field tests. 

Col. 10 : — hS indicates that this strain was both planted at Sabour and sent to Sepaya. 
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Table showing the history of the cam vaneltes. — coutd. 


; 1 


3 

4 

- 



8 


10 




Plot number 

of crop planted 

in .sprin 

?of 




Locality 



year 




No. 

Name. 

whence 

obtained. 







REMAKffS. 



1909. 

1910. 

1 1911- 

1912, 

1913. 

1914. 



23 

(a) Mangr> 

Ranchi 

75 

29 

24 

3E-I 

6 






29 

25 

3J-L 




24 

Mauritius, 

Satlii 



86 

27A-C 

32 

26 

-bS 


Bed. 








25 

Mauritius, 

Sathi 



85 

30A.E 

34 

32 



White. 









26 

Nargori 

Ivanti 

(Muzaf- 

farpur). 

41, 42 

15 

49 

1.5A.C 

19A 

13 






15 

50 

loD-F 

19B 

S 


27 

Bandi 

Satgachia 

(Bnrd- 

wan). 

83, 84 

33 

73 

38A-B 







32 

74 

38C-I) 




28 

Paiishahi 

Saran 

26, 27 

9 

57 

17A.D 

21A 

18 






9 

58 

17E.H 

21B 

S 1 


29 

Paunda 

Bankipur 

19, 20 

24 



i 

1 


30 

Paunri 

South 

Bhagal- 

pur. 

44, 45 

16 

30 

6A-E 

9A 

6 I 





16 

31 

6F-H 

9B 

S' i 


31 

Poraya 

Dumraon 

1 47, 48 

1 17 

32 

7A-E 

lOA' 

' 7 





17 

33 

7F-'e 

lOB 

S 


32 

Puri 

Oaryia 
(Burd- 
wan). j 

80, 87 

33 

j 

71 

37A^ 

39A 

.37 





33 

72 1 

370- D 

39B 

s 1 


33 

Rheors#, 

Saran 

23, 24 

8 

28 

5A-C 

8A 

5 




1 

8 

29 ' 

5A-G 

8B 

S 


34 

Shakar- 

chynia. 

Fatua 

(Patna). 

37 1 

1 

13 

34 

8A-D 

llA 

1 S' 




13 

35 

8E-H 

11 B 

s 


35 

Shamshara 

Calcutta 

52, 53 1 

20 

79 

35A-B 

.37A 

35 






20 

80 

3.5C-E 

37B 

s 


36 

Striped 


.. 1 


83 

29A-B 

33A 

24 



Bansa. 




84 

29C-D 

33B 

s 


37 

Sukli 

Burdwan j 

69,70 

27 

■75 

36A-B 

38A' 

36 






27 

76 

r36C-D 

38B, 

S 


38 

Taima 

Sathi j 



87 ^ 

28A-D 

40 

31 

-fS 


Ool. B The crop planted in 19H is the first crop derived from single selected plants. 

C’ol. 7: — The plots A, B & C of each variety in 1912 were derived from single selected 
plants and as they were all derived from the original single selected plants in 
1911 it is immaterial as to which plot was used for continuing the strain in 1913. 
Col. 9 ;--*The letter S represents the strain sent to the Sepaya sugarcane station for field 
tests. 

Col. 10 -i~S indicates that this strain was both planted at Sahour and sent to Sepaya. 
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Table shovsing ohaemUiom made in 1913. 


;Xu. I Vamty of cano. i .-Vppeararice o£ clamp. 


TEiering. 1 Appearanec of cane. 


2 i Homja 

3 j Mango (Bitiia). . 

'ki f Mango (lianehi) 

4 ! Ltnvari 


.‘i ‘ Khcora 
' Pannri 


8 ‘Shakavehynia . , 


Typically straight, and ; 
canes covered w'ith 
sheaths. 

Dill (a : 

iJitto. 

Ditto. 


Ditto slightly ‘-jirc-ading 
Ditto. 

.Ditto. 


Erect or slightly spread- ' 
iiig, s cane covered 
with .sheaths. 


. , ! Beisding oi falling ijver 
the ground, sheaths 
per.sistent. . 


10 ' ICc'tari Xo. I . , 


Erect or dHt<» 


II j Beraukha .. j Tall, .straight or slightly 
i j .spreading, c a n e t 

! I loosely covered with 

sheaths. 


DJ j Nargori 
hi •-KctadNo.il . 

I ] -> j Chynia No. I . ■ 


IMtto, 

ffjttn. 


'Tall, erect oi- spreading, 
i oaiie.s exposed in 
! many places. 


i .spreading .sheatlis 
I loosely persistent.. 


IS j Panshahi 


Knmher ! Ixingth 
ol ©f 

jiiitemodes.iinternodes.j 


0 i Whort, straight, arwi oi 1; 4'-6" I 

medium thickness. \ 


Ditto. 

Ditto. 


8-r> More or less .straight, 
bending at the top. 


Ui More or le,s.s straight, 
hen ding at the top. 


Ditto. 

■' 'Dik&' 


S I More or l<!.s,s straight . 


10 j Not perfectly .straight 


i'-lO' !■ 

I 

i'-I" i 


14 I Ditto, Imt thinner i 5'-0" 

15 ^ Ditto. ditto. i 4'-S" 


16-5 i Ditto and taller .. 1 5-8" 

12 Similar to JRusaria but ; 

! taller. i 

10 Ditto, but; t aller , . i O'-O" 


14 Short, straight and thin i ti'-l" 


I 

7-8" I 


I 


lliielmess 

of 

nodes. 


Ihickness 
of middle 
of 

jinternodes. 


2 - 8 " 

3" 

2- 7" 
2 ‘ 8 " 

3" 

3" 

3- 2" 


TbiclcneBS 
of top of 
internodes. 


•73" 

•82" 

• 86 " 


30 I 3-3" 


3-3" 

3-4" 


•70" 

•76" 


Colour of canc. 


•79" 

•67* 


•70" 

•79" 


Wax. 


A. — Short bushy oanbs. 
Group 1. 


From honey-yellow 
to sea-green. Ited 
patches present. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 


Ditto, 

Ditto. 

Ditto. 


yoUow-green, more 
yellowish. 


Yellow-groon, more 
yellowish. 


•62" I Dirty -yellow green 


•57" Ditto, slightly 
brighter. 

•62" Similar to Baraukhaj 


Present all over 
the cane, thickly 
below nodes. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 


Ditto. 

Ditto. 

Ditirt, 


Not well de- 
fined. 


Ditto. 

Ditto. 


Ditto. 

Ditto. 


Ditto. 

Ditto. 

Ditto. 


Ty p i c a 1 1 y 
absent. 


Ditto. 

Ditto. 


Hproutinjj;. 


Appearance of 
leaves. 


Group 2. 


More thinly preseni 
than th(5 above. 


A narrow yel- 
low ring 
jn’esetili. 


B. — 'I’ai.l <janb.s. 
Group 3. 


Ditlo. 

Ditto. 


Stout and of 
equal length 
and breadth. 


Ditto. 

Ditto. 


Ditto. 

Ditto. 


Length 

of 

leaves. 


.Vresimt in tln^ I Idal and circular | Rare 
lowt'st 6 nodes | 
or some tiiue.s ' 
higher up. | 


Qeuorally ah- ; More or less upright 
.sent. i with a slight bend 

I at the top, appoar- 
1 ing in tufts. 
Profuse from j Ditto, 

the top. I 
Less thani Ditto, 

above. i 
Ditto. 

Freely from 
the u p p tiy 
part, of th« 
cane. 

Ditto. 


Ditto. 

Ditto. 


Ditto. 

Ditto. 


More thickly pre- 
sent than Hlrnkar- 
chynia. 


N ari’ow, dj.s- ; 
tincit and ! 
J ellow. ; 


'J'hinly ])re,sent 
often blaekcnod 
in many places. 


Ditto. 

l)itt,o. 


Group 4. 
V 


A mixture of yel- 
low- green and red, 


Yellow-grtien 


!ut but 
often iiidi.s 
tinet.. 


Ditto. 

Dittio. 


Group 


Broad and 
very distinct. 


Group 6. 


Tliinly present 
hlackened in many 
places. 


Present often 
very distinct. 


Umially pre- 
.simt in the 
lowe.'^t 6 

Ditto. 


Usually pre- 
sent over 

half the 
length of t,he 
(Jane. 

Ditto, 

Ditto. 

Ditto. 


Usually pre- 
.sentupto 1: 
the length of 
theeano. 


Usually pre- 
sent in the 
lowe.st 6 nodes. 


Flat wit h a. paii 

of wing-l i k ' 
seale.s. 


Flatly placed in 
sligl'it groove. 


Ditto. 

Ditto. 


Flat, small in 
grooves. 


Flat, broader 
than long. 


i Slightly 


Vigoron.sJ 

Ditto 

.Slightlj 


Ditto. 

Ditto. 


. I (Short, narrow, typi- 
i cully .straight and 
' .spreading like a 
: f.an. 


(Short, narrow, and 
I .straight, making a| 
j smaller angle with' 
; tlie axis than Sha-| 
^ karehynia. ' 

I Ditto. 

i 


I Seems to rise from 
different levels. 
Outer ones bent 
over, inner ones 
1 straight np. 

^ Ditto. 


Few (j Upright 


Present .t Spreading and j 3-2" 
! bending over. 


3'-7" 

3^-5" 


S'-S" 

3'-3" 


3^-2" 

:t-3" 

3'-6" 


Breadth 

of 

leaves. 


Oolour ‘'(f ](jave.s. 


2'-8" 

2^9" 


1" 

0-9" 


light green 


Ditto 

Ditto 


Ditto 

Ditto 


Ligulat band. 


Weight 

of 

109 canes. 


Faintly red- 
dish yellow. 


1" j .Ditto 

1" i Ditto 

j 

1-2" I Darker than above 


O'O" j Light gj'een 


I ’4" j Light giaien 


1-3" Ditto 


1 •3" 1 Dremier than abov 


1’3" i Dreen with a red- 
! 'lish wash on some 
! leaves; 

1'3" j Ditto. 


1-4" { ttreen with red I Ditto 
i border at the ] 

! base. 


Ditto 

Ditto 


Ditto 

Ditto 


Ditto 

Ditto 

Ditto 


light green with 
red .s))ot.s. 


84 „ 
70 „ 


102 „ 
114 „ 
168 


104 

106 


Yellow-greenish 
or brownish . 


J-7" j light green with I Reddish 
- I j’cd .spots. 

hi" ! Ditto. 


Distingu-iBluible from the 
above by the narrower 
! leaves. 


The oane.s have a ten- 
dency to crack length - 
wi.so in the intoniode.':. 


I'he canes have brown 
.streaks in the nodes 
and internodes. 


The cane is given 'to 
flowering and i,g very 
liable to Smut disease. 


Liable to attacks of red 
rot. 



?^0. 

1 

; Varieij of eaiie. 

1 : ■ 

: Appearunct of elurup. 

' Tillering. 

; ApiJCiiraiuif of cane. 

Lengtli, 

Numbm- 

of 

internodes 

Length 

of 

internodes. 

i 

1 

2 

! 

4 ■ 

!■: 

■■ 0'' 


8 

, 19 

■ katii 

'i'iiil, spi-fiidiiig sheatlis 
iooseiy persistent hut 
iiiora s})r('utiiii,L'. 

11 

! .More curved, ijiaii ahov» 

\ 

- S'-ltf 

i' 

31 

MSi- 

: 2U 

Khali I’i 

Similar t# M'aneria . . 


1 .Similar to Mancria .. 

r-ir 

. ,28 

4-3" 

r 15 

'■ Ketiu'i Xo. Lli. 
i Chyiua X«. li . 

Ditto 

Ditto 


i Ditto 

'Ditto 

i 

1 b'-i" 

1 ■ 

1 

|: 

4-r 

23 

.Sh'ipc-d Baiisa . 

Tail ami .itraKht 
with sli(;atiis falleii 
tdi ill maiu jflaces. 

7 ' 

Straight wit.h a (uirvo at 
the tofi. 

G'-ll" 

1 30 

j 

4-0* 

•# 

24 

_ Khf-li;t 

Much laid on the ground , 
sheaths loosely iier 
.sishmt. 

' s 

Wn-y inuoli mirved . . 

S'-6" 

28 

. i 

4-8" 









25 

25 

Kajia- 

Red Mauritius. , 

Tall, fci'oot and .some 
Avhat spreading, canes 
]oo.seiy covered by 
sheaths or exposed. 
■Ditto. 

6 

Kot, ftnctly straight, . . 

DiUo 

7'~1" 

27 . 

25 

4-5" ' 

4'3'’ 

27 

Bombay 


'5 

Ditto 

, , 1 

25 

4-0''' 

28; { 

Red Bombay . . 

Ditto. 

5 

Ditto 

6'-7" 

24 : 

4-4" 

/ 'i 

Bhiiri 

Ditto. 

6 

Ditto ■ 


22 ' 

4-8" 

i- 30' 
f' ■'! 

\ 

tTava . . , 

Tall and typically erect, j 
onnes mostly exposed, i 

4 

I’all, tliick and almost 
upright. 

■' . r~r • 

, 23 

4^9" 

31 

32 

Tamia 

White Mauritius ; 

Ditto. j 

Tail and slightly spread*' 
ing, canes mostly ex- 1 
posed. 

0 

Ditto. 1 

Not strictly straight . . j 

7M" 

r~r 

. 23 

27 

. 4'7" ; 

4-4" 



Tall and more spread- ■ 
ing than above, canes ' 
mostly e.xposed. ; 

re5 i 

Ditto 

1 


29 

4‘P* 

\U 

Benarask-Nepali 

Short and bushy, canes ' 
loosely covered by j 
sheaths. “ i 

G 

j 

.Short, thick, and mora 
or less straight. 


- 

3-9" 

:: 

Shamahara . . 

StiHi 

Ditto. 

Ditto. ) 


Ditto. 

Ditto. 

S'-4" 

22 

31 

2-rf 

2-G" 

hi 

Puri ‘ ‘ 

i’ • Ditto. I 

i, 1 


Ditto. 

i 4. 

25 

' 3'F 



1 







Tbickiicsui 

of 

nodes. 

{) 

0-75" 

0- 8:r 

0*8(r 

O’Sl" 

1<J4" 

Me" 

1- OS" 
1-07* 

J.-2F 

l-iO" 

i-or 

M2* 

l-OS* 

0-9,7" 

0-79" 


Table showing obsemtiom made in 1913.— (contd.) 


d’bieknesH 
of middle 
of 

internodes 

TbacknoHS 
of top of 

Oolour of cane. 

Wax. ■■ 

Colour band. 

Aerial roots. 

Buds. 

1 - . , « 

1 . 

, .S[)routmg. 

Ajipea ranee of 
! , ; leaves. , 

Jjongth 

Breadth 

of 

Colour of loaves, 

LKiilur baiul. 

'Weight, 
of i 

REMArutS, 

internodes 







leave.s. 

leaves. 



100 canes, j 

' 1 


10 

11 

12 

13 

14 

15 


.;17':'- 


19 

20 

21 , 

: ■ :j 

: :23 ; ' 

24 

67" 

0-06" 

Yellow-greoii 

’ITunly present, 

Present, often 

Usually pre- 

Flat 

Present 

' 8preatliiig and 


1-5" 

Light green with 

Reddish 

l-U Ih.S. 

Lialilf in sd tacks uf red rot. 




blackened in many 
place.s. 

Ditto. 

very distinct. 

sent in the 
lowest 6 
nodes. 



bending over. 

■ 


red ,spot.s. 


' 1 


:-72" 

0-71" 

Ditto 

Ditto. 

Ditto. 

Plat and tapering 

Ditto 

i l.)itto. 

. 2-Ar ! 

1-0" 

.Ditto 

Ditto , . ■ 

, 1 

Dif.t.o. sufficient canes wore 




Ditto. 

;Ditto. 





. 




not available to take the 
tillering and the. weight. 


•72" 

O-?!" 

Ditto 

Ditto. 


Ditto 


2'-S" ' 

1*7" 

Ditto 

'.Ditto 

144 „ 

Lial.ile to attacks of red rot. 



Ditto 

Ditto. 

Ditto. 

1 )itto. 


Ditto 

T- Ditto. 






The gr-neral appearance of 









1. ■ 






this cane i.s like Maneria, 
.sufficient good canes were 




*!r<>iin 7. 









1 

not available to take de- 









t ■ . ■ . . 






tailed nh.eervations. 

•76* 

0*77" 

Btrijtod.veJknv »n<] 

.Scanty excepting 


Usuallv eon. 

Flat uud oir- 

Vrri little .. 

i Aluiost: iifiright . . 

2' -9" 

1-4" 

lAulil "vi-cn 

C.-ddish vei 

'DU .. ! 




red. 

below nod(.«. 


fined to the 

1 o vv e s t (> 
nodes. 

eiilar. 



! 

loiv. 

i 







a roll ft H. 







1 


i 


•71" 

0'7:r 

Reddish 

Present, blackened 


Usuallv eon- 

Much longer 

Pre.scnt 

Mon* oi less uprighli 

3'-G" 

1-7" 

'.Light green with 

Yellowisb . . 

168 ,, 





in plaetjs. 


fined to the 

than broad, ge- 




red spots. 









1 o w e .s t 6 

nerally situated 












1 1. - - M 1 Si iKMj-iN IsOtlS 


nodes. 

in long “Tooves. 












Thick C.\nk.s. 



: 




■ 







(«) (Jane-reddish.. 











[: :.95" 

0*87" 

Deep purple 

White wa.x present 

Deeper tlian 

Usually eon- 

I’romiuont and 

Absent . : 

Liiige, .spreading or 

3'-9" 

1 -8" 

Yellow-green 

BrowMiisb . • 

226 

(■June liable to crack ; bloom 




all over tlio cane, 

the .HUiTOund- 

lined to 3 or 

about to .sprout. 


bending over, ap- 






bands constricted. 




soinetime.s bhwik- 
ened. 

ing region. 

4 ] o w e s t 
nofles. 


pearing in tufts. 








1*07" 

1-28" 

0-98" 

1*20" 

Lighter tlian Jvajla, 

Red rvith yollow 

Not HO thick jiH 
Kajla 

.Vlmost as thhik as 

Ditto. 

Ditto, hut 

Ditto. 

Ditto. 

(Jircnlar, placed 

1 in grooves. i 

i Flat and conical! 

Ditto 

Ditto 

Ditto. 

! Ditto. 

3-8" 

4'-4" 

2-0" 

Dit'tc 

Ditto 

.l.,)if.to 

Ditto . . 

287 „ 

348 „ 

Yi-ry liaWe to attacks of red 



rooting band 

in Kajla. 

not well do- 


in grooves. j 








rot, pig, and jackal. 



where covered by 
sheaths. 

lined. 


! 




j 




Very liable to attacka of 


i-iir 

1;03" 

Ditto, 

Ditto. 

Ditto. 

Ditto, 

Ditto. 

Ditto 

j j;)itto. 

;4'~4" 

2-0" 

'Ditto 

;Di'tii:,o 

287 „ 






1 




red rot, pig, and jackal. 
Same as Bombay. 

M7" 

1-08" 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto 

Ditto. 

4'-4" 

2-0" 

'Ditto 

l.')itto 

287 „ 

Very liable to attacks of 







i 




red rot, pig, and jackal. 




(h) (Jan(.--i 

reenish. 










Same as Bombay. 

M4" 

M3" 

A^cllow -green with 

Almo.st al)sent ex- 

Dei^jier than 

UsHall.y eon- 

Very .small and i 

Absent 

Large, spreading or 

4'-G" 

1 2-1" 

Ah'llow-grcen 

'Brow,iush . . 

350 




a wash of red in 

oept at ilie w.'i.v 

the surround- 

fineil to the 

hemispherical. ' 


liending over, ap- 









places becoming 

banil. 

ing region. 

3 or 4 lowest 


yiearing in tufts. 









brown at niatu- 1 



nodes. 









1-22" 

1-20" 

rity. i 

Ditto. 1 

Ditto. 

Ditto. 

Ditto. 

DitliO. i 

Ditto 

Ditto. ■ 

4"‘~G" 

2-8' 

Ditto 

Ditto «. 

370 „ 

Soeius to 'be same as Java. 

]-07" 

1-01" 

Greenish -yellow .1 

Pre.sent to about 

Ditto. 

Ditto. 

;Flat, circular, j 

.Ditto . . j 

Ditto. 

3'~11" 

D7" 

Ditto 

Yellowish -with 

287 „ 




the same extent 



with two wing ! 






very little 






as in rod Mauri- 



like scales. | 






hi'own. 





,..1^002,...,- 


tins. 

Almost ahBcnt.cx*. 
coptatw'ax band. 


Ditto, but 
occasionally 

1. 

Nearly twice a.s 
long as broad . 

Ditto 

Ditto. 1 

3'-4" 


Ditto 

1 

Ditto. 

. .987 




wash of red in 







places becoming 


higher up. 





1 




D09" 

1*00" 

brown at maturity. 
Darker green than 

Ditto. 

Ditto, but 

Ooufined to 

11 times longer j 

Very few . . i 

Ditto. 

4'-6" 

2'3" 

Dittc 

Yollovv green 

246 „ 




the above, chang- 
ing into brown 


not well de- 
fined. 

few lowe.st 
nodes. 

than broatl in j 
grooves. 





with very 
little brown. 



1-02" 

■96" 

1-00" 

0-91" 

in places. 

Ditto. ' 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

:Ditto. 

Ditto. 

Profusely de- 
V 0 1 o p e d 

Ditto. 

Stout globose . . j 

Ditto 

Profuse 

Ditto. 

i Narrow, erect, 
i .slightly bending 

.T'-9" 

2'-6" 

2-r 

1*4" 

■Jltto 

Ditto 

Ditto. 

Ditto, 

205 ,, 

230 „ 

1 Very tdmilar to .Bcuarasia- 
Nepali. 

Very much diseasea and 
dried up crop, perhaps 
does not represent varie- 






througho u t 
the length of 



1 over. 






tal charaeters. 

•82" 

0*80" 

Ditto. 

mto. 

Ditto. 

the e a no. 
Ditto. 

.... I 

Many 

) Erect, rising from 
' different levels. 

2'-9" 

1-3" 

Ditto 

.Ditto. 


Very much diseased and 
dried up crop, perhaps 

1 doe, snot repmsent vane- 







: J 








tal c-liaracfers. 
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THE POTATO BLIGHT IN TNJ3IA. 


BY 

JEHA^TTR FARDUmi BASTUB, 

First Assislant to the Impesin^ 

The ‘Gate bliglit or “leaf cm! ’’ of potato is the most 
serious disease wliidi attacks the potato. It is widely prevalent 
in Europe, America and Australia, hut fortunately not in India 
exce])t in. the lulls. The first outbreak of this disease in the plains 
was, according to Butler, reported in 1899-1900 from some 
Hllages in Bengal. After three or four years it disappeared and 
since then it was not known in any of the plains in India till 
1912-13, when it \vorked havoc with the potato and tomato crops 
at Rangpur (Bengal), and destroyed the potato cultivation at 
Bhagalimr (Bihar), 

The cause of the sudden appearance of the “ late blight ” 
on potato at Bhagal^^ur can however be explained. It so hap- 
pened that the local store of seed potatoes was sold at an abnormally 
high price, and therefore the cultivators at the time of soving got 
seeds from Darjeeling and Naini Tab PJi, inf estans (Mont.) de 
Bary, the cause of the “ leaf blight ” is present on these hills, and 
so the majority of the potato tubers, Avhich w^ere obtained from 
these places for seed purposes, were probably infected with 
this fungus. It has been showai by Mellius that the mycelium from 
infected tubers can under favourable circumstances work its w^ay 
to the sprouts. Therefore, if the tubers obtained from Darjeeling 
and Naini Tal were already diseased, and if the conditions were 
favourable, the fungus from infected tubers would pass on to the 
shoots and there fructify, thereby infecting healthy plants. In the 
middle of December, 1912, there was some rain and after that nights 
were foggy and days cloudy ; these wnre favourable conditions for 
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Phyto'jMora to spread. A fortnight later field after field wn.s 
destroyed by Pk infestans. As this disease was not. known 
previously in Bhagalpnr district, though potato has lieen cultivated 
there for several years, and as seeds were oiitaincd from infected 
places at the time of somng, it is very probable that the sudden 
outbreak for the first time in 1912 may have been due to the use of 
infected seeds. 

The general appearance of ' the diseased fields was very 
characteristic. The leaves were almost completely destroyed in 
eight days by tlie disease and tJieir rotting liad set up a foul smell. 
The stems were green and stood erect as a rule. They showed many 
points of local infection and at these places they had f urinal brown 
and the epidermis and cortex showed longitudinal (‘irudss. in 
severe cases of attack the stem gave way at the point of infection. 
The yield of tubers from diseased fields was abnormally low. The 
tubers were small in size but there was no supertuberation. When 
they were picked a large majority of them looked externally liealthy, 
but after a few days’ storage, characteristic brown or bhiisli brown 
sunken areas w^ere \dsible ; under these sunken areas the tissues 
had turned brown due to the presence of PJnjtO'phthom liyphu). 
The extent of the browning of the tissues depends u])on the time 
that has elapsed since the attack but more upon the surroundings. 
If the infected tubers are kept in a warm damp place, the fungus is 
in very favourable circumstances for overrunning the whole tuber. 
But if the surroundings be dry there is a checlc on the growtdi of 
the parasite, and the browning of the tissues may then remain, only 
superficial. Whatever be the extent of the attack, the rot caused 
is ateys diy, but -wet rot generally follows in the "wake of Phytopli- 
thora, on account of putrefactive bacteria and saproph}dic fungi 
getting hold of the diseased tissues. 

It is of interest to note that the fields at the (Sabou.i,‘ Agricultural 
College Farm that were sown in the end of November were prac- 
tically free from, the disease. Only a few plants liadsome of their 
leaves attacked by the blight ; but fields in the near vicinity, sown 
in October, were totally destroyed. This suggests that if potato 
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tubers are obtaiiied from infected places, it maybe advantageous 
to sow tlicm late, so tliat tlie plants mature in February or Marcli, 
when tbo humidity is not so high as in December and January, 
aaid therefore even if PhytopMJiom be present, it is jiot able to 
make much progress. 

Some potatoes j)icked from infected plants on the Sabour 
Agricultural College Farm were stored at Pusa. Some of them 
were kept covered with sand, others were kept uncovered on sand, 
and the remainder were buried underground. A few were also kept 
in a cold incubator at 75°F. The extreme moisture in the incubator 
caused the tubers to germinate immediately, and bacteria, Rlihoc- 
tonia, Fusarkmi and saprophjdic fungi set uj) a wet rot and the 
whole lot of potatoes was soon destroyed. Only in one case was 
I able to trace definitely the presence of PhytofhtJiom from among 
the mass of bacterial and fungal flora that had taken hold of the 
tuber. During the rains the tubers buried underground germinated 
prematurely and so naturally soon died, but the sprouts showed 
no signs of disease. What was left of the stored potato tubers 
covered and uncovered with sand, after rejecting from time to time 
those that had been attacked by PMzoctonia, Fusariim, bacteria 
and insects, were planted in Pusa in October, 1913. They gave a 
perfectly healthy crop. 

On the Sabour Agricultural College Farm tubers picked from 
diseased fields were used as seeds last year, and gave a crop free 
from Phyto'pUhora, also in Bhagalpur district some cultivators 
used the same fields and the same affected potatoes from the 
1913»14 crop without any bad effect. Again oii Kangpur Farm 
one potato plot that was infected by Ph. infesfans in 1912 grew a 
healthy crop of potatoes in 1913. 

The above facts show that if potato tubers obtained from 
blighted fields are allowed to pass some part of a summer on the 
plains, these tubers will give a healthy crop and that the fungus 
is not able to survive the sunmier temperature even in the soil. The 
death of my pure cultures of Ph, infestans in summer also shows 
that this parasite cannot bear the heat of the plains, This renders 
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tlie appcAranee of =•' late bUgiit in 1912 at Bliagalpiir more intelli 
gible. In normal years tsmall ainoiiiits ol hill seed may be imported 
and prolialdy experience sufficient heat on. the plains to give a, 
healthy crop. In 1912, however, the shortage of local seed perliaps 
necessitated the importation of hill seed relatively late in tlie season, 
in which case the imported seed might not have been subjected to 
sufficient heat to kill the fungus. 

The remedial measures that suggest tliemselves from the 
study of this disease are the following : — 

(1) Potatoes to be used as seeds should be obtained, if 
possilile, from places where this disease is not known. 




(2) If potato seeds are obtained from places not dehmtely 

known to be free from this disease, they should be 
got in time to allow them to pass a poition of the 
summer on the plains. 

(3) If potato seeds are got from infected or suspected locali- 

ties after the summer has passed away, they should be 
sown late in Kovemher. 


Microscopic Characters of the Fungus. 

The general external morphology of the potato fungus is too 
■well known to need repetition. But the internal morphology is of 
special interest as the observations of the various workers are dis- 
cordant . Be Bary , who has studied this paravsit e in such great cl et ai 1 
and with such accuracy that tlie investigators who followed have 
not much to add, states that in the leaves the mycelium does not 
produce haustoria. In fact he considers P/n infesians (Mont.) 
de Bary as the only species that has no liaustoria, at least in tlie 
leaves. In tubers he has undoubtedly seen haustoria as has been 
pointed out by Mangiii. Be Bary says that in potato tubt'i’s, 
attacked by Ph. infefitam, mycelial branches penetrate the host cell, 
but these branches hardly deserve a special name. Woikers after 
de Bary, it seems, took for granted the absence of haustoria till 
Mangin, in 1895, proved their existence. Wehmer in 1897 saw 
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liaiistoria in potato tubers but be makes only a passing mention 
ol tlieim In 1903 Delacroix confirmed Mangiii’s observations 
and in 1912, Jones, Gi debugs and Lutman followed suit. Appel 
and Kreitz studied tlus fungus in 1907 but they make no mention 
of eitlior the presence or absence of baustoria and tbeir drawing 
does not show tbem. In potato tubers I bave found baustoria 
witbout any difficulty, even unstained free band razor sections 
have clearly sbown tbeir presence in tbe affected cells (Figs. 1 
to 7). Iodine or Bismark Brown or Congo Red shows tbem off more 
clearly. If tli.e sections, witbout even any previous treatment 
with eau de Javel, are boiled with lactic acid and tbeii warmed 
with cotton blue, wasbed and again boiled witli lactic acid they 
show tbe presence of baustoria in tbe cells. Tbe mycebum takes 
a blue colour but tbe tissues remain unstained. Haustoria in 
tubers are at first small and convex xDrotuberances from tbe sides 
of tbe parent bypba ; tbe cell wall forms a sWiilling at tbe point 
of attack wbicb projects into tbe cavity of tbe host cell. As tbe 
baiistorium grows it becomes eitber globoid, ovoid, finger-sbaped 
or arched ; it is eitber simple or branched. 

With tbe grovdb of tbe baiistorium, tbe sheath, wbicb is round 
it and wbicb appears to be a direct continuation of tbe cell wall of 
tbe host cell, keeps pace at least for some time, and gets more and 
more distended into tbe cell cavnty. Tbe formation of tbe sheath 
resembles rather that described by Grant Smith in Erysi/pJie than 
that described by Butler in Fythkim pahnivonim, but tbe persistence 
of a cellulose collar at tbe base of tbe baiistorium, as in Erysiplie, 
has not been observed. Tliis sheath eitber dissolves under tbe action 
of some toxic or enzymic substance that may be produced by tbe 
baiistorium or not being able to grow furtber, as fast as tbe baiis- 
torium, gets ruptured (Figs. 5, 8 and 9). It is not essential for the 
baustorium to penetrate tbe enveloping sheath, for tbe former can, 
even when thus surrounded, draw upon tbe nutritive material con- 
tained in tbe host cell. Von Guttenberg has sbown that tbe baus- 
torium of UstHago MaycUs (D. C.) Corda, thou 
cellulose sheath, still attracts tbe nucleus of the 
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Loitgeb lias sliowii tliat a parasitic fncgus can attack tlie plasinatie 
contents of the host cell through its cell walls. Two or more harts- 
toria have been frequently found surrounded by the sanio vesicle 
(Fig. 3). Mangiii has shown the presence of the vesicle surrounding a, 
haiistoriumiii. many PemnosporacecB but he does not say if he has seen 
ail)’- ill PJi. infestans, at least his figures do not show the vesicle. 
Delacroix, on the other hand, states that he has never seen it, and 
therefore thinks that the haustorium merely perforates the cell wall 
at the point of contact. Jones, Giddings and Lutman, who confirm 
Delacroix’s statement as to the presence of haustoria, make no men- 
tion of the presence or absence of a vesicle round the haustorium. 
All the diseased cells do not necessarily possess haustoria. They are 
often completely absent ; but whenever haustoria are present they 
are as a rule surrounded by a vesicle. When Delacroix is so emphatic 
as to the absence of the vesicle it does not seem probable that he has 
missed seeing it . It is therefore -tempting to come tentativel}'' to the 
conclusion that the presence or absence of the vesicle may have 
something to do with the different varieties of the cultivated potato. 
It would be interesting to examine several varieties affected with 
the blight to see how far this is true. 

Mangin has found fihform haustoria in the affected cells in 
diseased leaves of the potato plant. Delacroix has also found 
similar haustoria. I have not examined fresh diseased leaves and 
free hand razor sections of old leaves and those preserved in sjhrit 
are not good enough to show the relation of the parasite to the host 
tissues. But if spirit preserved or dried leaves are first boiled with 
3 per cent, caustic potash and after washing them with water if they 
are stained for about fi.ve minutes with a concentrated aquatic solu- 
tion of rosazuriii, the tissues whenmaccrated on the slide show clearly 
the presence of filiform haustoria, cpiite diflerent from those found 
in the tubers (Figs. 11-14). These haustoria in the leaves have also 
shown the presence of the vesicle surrounding them but not so often 
as those found in the tubers. Mangin records that di'fierent host 
plants of Ph. infestans (Mont.) de Bary, bear dilferent sorts of 
haustoria, and, therefore, he says that it is not possible to 
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idciiitiiy this ftingiis from the haiistoria in absence of the fructi- 
fication. Delacroix disagrees with him and points out that the 
haiistoria in the diseased potato tubers are identical with those 
found in a diseased tomato fruit. I have had no opportunity to 
examine diseased tomato fruits, but haiistoria in the stem of the 
tomato plant (Figs. 8-10) resemble those found in the potato 
tuber and those seen in the potato leaves agree in shape with those 
in the tomato leaf (Fig. 15) but the latter are longer. 

The mycelium of Ph. inf estmis (Mont.) cle Bary siiow^s in the 
leaves, but not in the tubers, the ingrowths and plugs wdiich 
Mangin considers to be characteristic of the Peronos'poracece and 
to be coni|)osed of callose. In a .previous paper I have shown 
them, in Ph. 'pamsitica Bast., to be composed of cellulose and 
not of callose. These ingroivths and plugs I have found in the 
potato fungus also to be of cellulose constitution. They are not 
dissolved by boihng with caustic potash and give cellulose 
reactions. 

The cell walls between which the mycelium winds its way are 
affected by the fungus, at least in the tuber. They no longer give 
the characteristic cellulose reactions with Schulze’s Solution, iodine 
and phosphoric acid and haematoxyhn, such as are obtained in the 
normal tissues of the host. 

From the literature which I have been able to consult it appears 
that Appel and Kreiz have observed changes in the starch grains of 
diseased cells of potato tubers. Appel and Kreiz’s drawing shows 
that some of the starch grains of diseased cells have some of the 
eccentric markings of the grain highly prominent. I find that the 
fungus has some action, possibly some dissolving action, on starch 
grains. In a diseased cell, two Idnds of starch grains are occa- 
sionally found. One kind contains the normal starch grain, globoiil 
or ovoid in shape with a distinct hilum with fine eccentric markings 
and with smooth outline. The other kind consists of starch grains 
the shape of wdiich is distorted (Fig. 16). They are less broad than 
the normal ones. The outline is corrugated, their hilum is not 
prominent and their eccentric markings have lost their fineness 
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and stand out boldly and are not so cdose to eacli other as in tlio 
normal starch grains. These deformed starch grains seem, to he 
the result of the dissolving action of some enzymic siihstaiice 
tliat the fungus may he^ producing. T.hese starch grains do not 
seem to be chemically changed for they respond normally to tiie 
ordinary chemical tests. 

■\V. G. Smitlr s discovery of oospores of P/o infestans in rotting 
stem and tuhers of potato is at this inoinent merely of historical 
interest. When this discovery was announced, dc Bary challenged 
the accuracy of the worker, and subsecpient i.nvestigations have 
shown dc Bary to be in the right. The oospores obtained by Gint on 
and Pethybridge in i)ure cidtures have proved without doubt that 
\V. G. Smith never saw the oospores of the potato fungus. Other 
investigators have followed AV. G. Smith’s method but they 
have failed to get liis results. From January 1913 to June 1914, 
I have kept fresh diseased material under moist conditions and 
from time to time I have examined this material but have never 
found any of the resting spores found by G. Smitli. 

Ill February 1913, PJi. infestans was taken into pure culture. 
The conidia bearing mycelium was picked on a sterile needle and was 
used for inoculating French bean juice agar and Oat juice agar tubes. 
Aseptic slabs cut from the diseased portions of the tuber were also 
used in inoculating slants of the above agar media. On French bean 
juice agar the growth was very poor. Oat juice agar gave a fairly 
good growl:!!, so also did sterilized potato slabs but still the fungus 
never seemed to thrive W’^ellin its sapropliytic surroundings. I am 
inclined to believe that the quality of the media used was not the 
only factor W'liicli was responsible for the poor growth of the fungus, 
but that the temperature also had not a .little to do with the growth. 
As the summer approached the growi:]! became poorer and 
poorer and new" subcultures showed very little activity of growth and 
the fungus ultimately siiccumhedtothe heat of April and May. The 
fungus lived in culture for such a short time that no conclusion can 
he come to as to the relative value of diiferent media. 
Sporangia w'ere not observed in any cultures. No oospores wnre 
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produced, but in some of tlie cultures were found amber coloured, 
thick walled, globoid or pyriform, swollen bodies, borne laterally or 
terminally on very broad stalks (¥igs. 17-20). These swollen heads 
are cut olf from the liypha by a septum and contain dense granu- 
lar protoplasm with big irregularly formed oil globules. They were 
found i]i cultures growing in Oat juice agar and on the mycelium 
produced from the aseptically cut slabs used for inoculating agar 
tubes. Bometimes by the bifurcation of the stalk two vsucli swollen 
bodies are produced together (Kg. 18). Clinton lias found that the 
potato fungus in culture prodxxces very frcijuently oogonia without 
antlicridia. J ridging from his photomicrographs, these oogonia very 
much resemble the swollen bodies I have found. But there are 
some very important differences. Clinton’s, oogonia have their 
wall thickened by the deposition on the outside of the original coat, 
and the protoplasmic contents of the oogonium contract to form 
the oosphere. In the swollen bodies under study I have never seen 
the formation of the oosphere nor the thickening on the outside of 
the original coat. The protoplasm has always been found to fill 
them completely. Their wall has always remained smooth and 
amber coloured. Pethybridge lias also found oogonia without anther- 
idia but these oogonia have produced partlienogenetic oospores. 
According to him a very characteristic feature of these oogonia is the 
reddish brown colouring matter in its walls. In tliis respect Clinton 
and Pethybridge are in, agreement. The last author has also found 
these oogonia to be “ distinctly brittle. ” This offers another point 
of difference, the swollen bodies found by me being not brittle. 
Petliybridge, like Clinton, has found the irregular thickening round 
the oogonium but this lie thinks is an optical illusion due to the diffu- 
sion of colouring matter in the surrounding medium. According to 
Clinton the oogonia vary between 34 and 50/^' and according to 
Petliybridge they measure 31 to 40^. The swollen bodies found 
by me measure 24 to 38/^. On account of these differences, I do 
not think these swollen bodies are either parthenogenetic oospores or 
oogonia without antlieridia. I am incHiied to consider them as 
resting conidia or clilainydospores resembling those found by 
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Btitlcr and l>y Sliaw in Pythkmi palmworiim Biitd.. by jug in 
Flh parasitica Da.st., and in Ph. Faberi Maub., and by Butler and 
iviilkarui in Ph. Colocasiw Eac. In general appearance tlieyc reyt- 
iiig eoiiidia and tliose of Ph. infestans look very niucli alike. In 
FIi. parasitica I have shown that the outer coat is of cellulose in 
constitution, and in this respect the resting conidia of the potato 
fungus agree with them for the outer coat of the former has also 
been found to give cellulose reactions. Pethybridge’s figures 4 
and 5 of Plate XL VI, and the photomicrographs of Clinton, 
Plate XXXABII, Figs. B, F and H so much resemble my drawings 
that I have doubts, if they are illustrations of immature oogonia 
without antheridia. There is no doubt that Pethybridge has seen 
paithenogenetic oospores, but in addition to these oospores, it is 
probable he has seen resting conidia wliich he mistakes for the 
former. J ones, Giddings and Lutman have also found these swollen 
bodies and they consider them to be “ resting spores.’’ 


SUMMARY. 


(1) The “ late blight” or ‘‘ leaf curl” of potato is not well 
known on the Indian plains, though it is present on the liills. This 
disease on the plains was first found in 1899-1900 in some villages 
of Bengal. In about three years it disappeared from these villages, 
but in 1912-13 ];)otato and tomato crops at Rangpur and Bhagalxuir 
were destroyed by this pest. 

(2) The outbreak of ‘‘ late blight ” at Bhagalpur may be 
attributed to the use of infected seeds obtained, at the time of 
sowing, from Darjeeling and Naini Tal where this disease is of 
annual occurrence. 

(3) At Bhagalpur, this disease was virulent enough to destroy 
healthy fields within a week. Its presence could be recognised 
from a distance by the foul smell emitted by the rotting of attacked 
leaves. The stems were found to be as a rule green and erect but 
denuded of almost all their foliage. They showed points of local 
infection and in severe cases they gave way at these points. The 
yield of tubers from diseased fields was very low ; they were smaller 
in size but they showed no supertuberation. 

(4) The majority of potatoes picked from diseased fields looked ^ 
apparently healthy^ but when stored, the presence of the fungus , 
was made evident by the appearance of depressed brown or bluish ; 
brow'll areas. The rot produced is alw’ays dry, the extent of the ■ 
rot depending upon storage conditions. 

(5) Experiments have shown that potatoes obtained from 
diseased fields at Bhagalpur gave healthy crops the next season 
even wdien sown on infected fields of the previous season. Potato 
seeds obtained from healthy locahties w^ere successfully grown on 
infected fields. 
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({■)} These experiments and the death of pure cultures oi. tlie 
fimo’iis in summer show that the heat of the plains is sullicient to 
Idl] the parasite. Tlierefore, potato seeds from infected localities 
should be obtained in time to allow the seeds to pass some part of 
tile summer on the plains. 

(7) Tlie mycelium is intercellnlar and sends forth distinct haus- 
toria ill the affected cells. The haiistoria are surrounded by a 
vesicle which is a direct continuation of the cell wall of the host 
cell. The cell walls between which the mycelium runs turn brown 
and do not give cellulose reactions. The fungus seems to have 
some dissolving action on starch grains contained in the host cells. 
These starch grains show distinct corrugation and are deformed 
in shape. 

(8) In pure cultures, grown on artificial media, thick-walled, 
globoid or pyriform smooth walled bodies, borne laterally or ter- 
minally on broad stalks and amber in colour arc produced. These 
are to be considered, in the author’s opinion, as resting conidia 
similar to those found in PijtJtmm palmivonmi But!., Phjto'plithora 
parasitica Dast., Ph. Colocasiw Eac. and Pk Faherl Maiib., 
and not part henogene tic oospores. 

Pusa: I 

August 1914. J 
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explanation op plate. 


1—7. Haiistoda of Phjto}Miom infestans from potato tubers. X 937 , 

vesicles round tlie baustoria are clearly seen. In Fig. 5 tlie 
vesicle is partly dissolved. 

Fig, 2 shows a branched haustorium. Fig. 3 shows tlie vesicle 
surrounding two baustoria one of which is branched. 

8—10. Haustoria from the stem of a tomato plant. X 937 . 

8 and 9 show the vesicle round the haustoria partly dissolved. 

^ -]] 14. Haustoria from potato leaves. Figs. 11 and 12. X 7-50. Fig.s, 13 

and 14. X 1160. 

Fio'. 12 also shows the cellulose plug in the hypha. 

Tn Fig. 13 the vesicle round the haustorium is seen. 

Fig. 15. Haustoria from the leaf of a tomato plant. X 1160. 

J 16. A diseased cell of a potato tuber containing deformed starch 
granules. X 760. 

Figs. 17—20. “ Eesting conidia of Ph. hifeslans from pure cultures, X 900. 

Fig. 18 shows a bifurcated “resting” conidium. 
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Boi'LEK, M.B.,li’.L.s. Price, Re. 1-S. 

The Indian Cottons, by G, A. Gammik, f.l.s. Price. Rs. 7-8. 

Rote on a Toxic Substance excreted by the Roots of Plants, by ,h* 
Fletcher, m.a., b.sc. Price, Re. 1-S. 
stndiee in Root Pav.»ltism. m.-The Hauatnriani ol Ota« by 

0. A. Barber, m.a., e.l.s. Price, Es. ,.-8. 

StndiM in Hoot PaeasitisB.. IV.-Tho HauBtorinm ol Cmwm Wuedu, by 
0, A. Barber, m.a., icl-s. Price, Bs.2-S. {Out of pi m.) 

Some Experiments in the Hybridizing of Indian Cottons, by P, F. Fysok, 
B.A.,E.L.s. Price, Be. 1-8. {Out of print.) 

The Varietal Characters of Indian Wheats, by Albert Howard, m.a., 
A.Ss , iL:E.rand Gabrielle L. C. Howard, m.a. Price, Ko. 1. 
{Out of print.) . 

The Mulberry Disease caused by Corynomi ,, 

Notes on other Mulberry Diseases, by B. J. BUTLER, M.B., i.L.b. 1 lut, 
Re. 1-8. {Out of print.) 

The Wilt Di.sease of Pigeon-Pea and the Parasitism of Wfio6m>«ospon< 
vasinfecta, Smith, by E. J. Butler, m.b., f.l.s. i>rice, Rs. ,1. 

Studies ill Indian Tobaccos. No. I.-The Types of Nicotimui rmtim, 
L Yellow Flowered Tobacco, by Albert Howard, m.a., A.B.C.S., i.L,b. , 
and Gabrielle L. C. How Alto, m.a. Price, Rs. 4. 

Studie.s in Indian Tobaccos. No. Il.-The Types of Nimtiam tabamm, 
L., by Albert Howard, m.a., a.r.c.s., f.l.b,; and Gabrielle L. G, 
Howard, M.A. Price, Rs. i). 

Studies in Indian Fibre Plants. No- I.~On two varieties of Sann. 
Grotalaria juncea, L.,hy AVBmiT Howard, m.a., a.r.0.8., F.L,s.; and 

Gabrielle L. C. Howard, m.a. Price, Re. 1. 
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The Influence of the Environment on the Milling and Eahinj: Qualitie.s of 
Wheat in India. No. 1. — The .Experiments of 1907-08 and J90.8-09, fcv 
AlhehtHowari), M.A., A.K.C.S., F.L.S.; H. M. Leake, m.a., K.h.s.; an<i 
Gabrielle L. O. Howard, M. A. Price, Re. 1-S. 

The Bud-Rot of Palm.s in India, by E. J. Butbek, m.b., e.b.s. 
Price, Rh. 2. 

The Economic Significance of Natural Cross-fertilization in India, by Amert 
Howard, m.a., a.r.c.s., Gabriei,i.e L. C. Howard, m. a.; and 

ABDDR. Rahman Khan. Price, Rr. 4-8. 

The Millets of the Genas Setaria in the Bombay Presidency and Sind, by 
G. A. Gammie, F.I,.S, Price, Re. 1. 

Studies in Indian Fibre Plants. No. 2.— -On Some New V.arietie.s of Hibiscus 
rntmabimts, L., and Htbisms Sabdanffa, L., by Albert Howard, 
M.A., A.R.C.S., F.L.S.; and Gaerif.llp. L. C. Howard, m.a. Price, Rs. S. 

Note.s on the Incidence and Effect of Sterility and Cross-fertilization in 
the Indian Cottons, byH, M. Leake, m.a., and Ram Prasad. 

Price, Re. 1. 

The Inheritance of Red Colour and the regularity of .self-fertiliz- 
ation in Gorchorus mpmlaris, the common .Jute PI, ant, by I, H. 
BDRK 1 X.L, M.A.; .and R. S. FiNLOW, B.sc. Price, Re. 1. 

Observations on Certain Extra-Indian Asiatic Cottons, by H. M. Leake, 
M.A., F.L.S. ; and Ram Prasad. Price, Re. 1-8. 

The Morphology and Parasitism of Rhizoeto7iia, hy F. .1. F, Sham-, b..sc., 
A.R.O.S., P.L.S. Price, Rs. 2. 

The Inheritance of .some Characters in Wheat, I, by A. Howard, m.a., 
A.R.C.S., F.L.S. ; and Gabriei.le L. C. Howard, m.a. Price, Re. 1. 

On the Influence of the Environment on the Milling and Baking Qualities 
of Wheat in India. No. 2,— The Experiments of 1909-10 and 1910-11, bv 

A. Howard, m.a., a.r.c.s., f.l.s. ; H. M. Leake, m.a., f.l.s. : anil 
Gabrielle L. C. Howard, m..a. Price, Re. 1. 

The Varieties of Soy Beans found in Bengal, Bihar and Oris.sa and their 
Commercial po,ssibilities, by E. ;T. Woodhou.se, m.a.: and C. S. Taylor, 

B. A. Price, Rs. 2. 

On .P7i7/tophthora parasitica nov. spec. A ne^v Di.sease of the Castor Oil 
Plant, by J. F- Dasxub, b.Sc. Price, Rs. 2. 

Studies in Peronospomeew, by E. J. SUTLER, m.b., f.l.s, ; and G. S, 
Kulkarni, L.Ag. Price, Rs. 2. 

Notes on Pollination and Cro.ss-fertilization in the Common Rice 
Plant, Oryza sativa, Linn., by G. P. Hector, m.a-, B..sc. Price, Re. 1. 

A Sclerotial Disease of Rice, by F. ,T. F, Shaw, b.sc., a.r.c.s., f.l.s. 
Price, Be. 1. 

Studies in Indian Tobaccos. No. .S—The Inheritance of Characters in 
Nic.oUana fabamni, L., by Gabrielle L. C. Howard, m-a. Price, Rs. 3. 
St>idies in Indian Cottons, Part I— -The Vegetative Characters, by H. M. 

Leake, m.a., f.l.s. ; and Ram Prasad. Price, R.s. 3-S. (Out of print.) 
The Red Rot of Sugarcane, by E. .T. Butler, m.b., f.l.s.; and A. Hafiz 
Khan. Price, Re. 1. 

Some New Sugarcane Diseases, by E. J, Butler, m.b., f.l.s.; and 
A. Hafiz Khan. Price, Rs. 2. 

Preliminary Note on the Classification of Rice in the Central Provinces, by 
R. J. D. Graham, M,A„ B.SC. Price, Re. 1-8. 

The Influence of the Environment on the Milling and Baking Qualities 
of Wheat in India, No. .3. The experiments of 1911-12, by A. Howard, 
c.I.E,, M.A. ; H. M. Leake, m.a. ; and G. L. 0. Howaud, m.a. Price, 
Re. 1 or !.■?. 6d. 

Studie.s in Indian Sugarcanes, No. 1, Punjab canes, by C. A. Barber, sc.d. 
(Ift tliep^'ess.) 

The Distinguishing Characters of the Varieties of vSugareane cultivated at 
Sabour, by E, J. WooDHOUSB, M.A. ; S. K. Basu, m.a. ; and C- S. 
Taylor, b.a. (In the press.) 

The.Potato Blight in India, hy J. F. Dastdr, b.sc- Price. Re. 1 or l.v. tid. 
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The CoiupoaitioH of Imiian Kain and Dew, by <>• WAU'isu Li;.vnna;, 
rh.D., F.:t.ci, Price, He. 1, 

The Composifciou of the Oil Seeds of India, by J. W, Lisatiiku, I'ii.u., 

Price, He. 1. (Out of print.) 

The Pot-Culture House at the Ai^ricultural Research Institute, Fii.sa, by 
J. W. Leathkb, ph.i)., f.i.c. Price, Rs. S. 

Experiments on the Availability of Phosphates and Potash in Soils by 
J. W, Leather, ph.i)., Price, Re. 1-S. 

The Construction of Drain Gauges at Pusa, by M. H. Arnott, M.lnst.o.E., 
withaPrefacebyJ. W. Leather, Ph,B., P.l.C. Price, Rs. o. (Out of 
print.) 

The Loss of Water from Soil during Dry Weather, by J. Walter 
Leather, Ph.D., f.i.o. Price, Rs. 2. (Out of print .) 

The System Water, Calcium Carbonate, Carbonic Acid, by J. Walter 
Leather, Ph.D., F.I.C. ; and Jatindba Nath Sun, w. A. Price, Re. 1. 

VV.ater Requirements of Crops in India, by J, Walter Leather, Ph.n. 
F.I.O. Price, Rs. 3. 

The Nature of the Colour of Black Cotton Soil, by H. li. Annktt. R.sc,, 
(Lond.), Price, Re. 1. 

Water Requirements of Crops in India — II, by J. Walter Leatiiek, 
Ph.D., F.I.C. Price, Rs. 2-S. 

The Composition of the Milk of some Breeds of Indian Cows and Buifaloes 
audits Pariationa, Part I, The milk of some breeds of Indian cows, by A. 

A. Meggitt, B.sc. (Loud.) ; and H. H. Mann, D.sc, Price, Re. 1-S. 

Records of Drainage in India, by J. Walter Leather, Ph.D., F.i.O. 
Price, Be. 1. 

The Itab System Of Rice Cultivation in Western India, by H. H. Mann, 
D.SC. ; N. V. JOSHI, B.A., B.SC., L.Ag. ; and N, V. Kanitkar, B.Ag. 
Price, Re. 1. 

The Composition of the Milk of some Breeds of Indian Cows and Buffaloes 
and its Variations, Part II, The milk of some breeds of Indian buffaloes, 
by A. A. Meggitt, b.sc. ; and H. H. Mann, 1)..so. Price, Re. 1-8, 

A contribution to the knowledge of the Black Cotton Soils of India, 
by W. H. Harrison, m.sc ; and M. R. Ramsvvamy Sivan, b.a. 
Price, Re. 1. 

The Date Sugar Industry in Bengal. An investigation into its Ohenvistiry 
and Agriculture, by H. E. Annett, b.Sc., assisted by G. K. Lele, 
L.Ag, ; and Bhailal M. Amin, b.a. Price, R.s. 3. 

Evaporation from a Plain Water Surface, by J. Walter Lisather. Ph.i).. 
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Studies in the Chemistry and Physiology of the Leaves of the Betel-vino 
and of the Commercial Bleaching of Betel-vine Leavefi, 
V,' ; D. L. Sahasrabuddhe, b.sc., L.Ag. ; and 

V. G. Patwardhan, B.Ag. Price, Re. 1-8. 

The Gases of Swamp Rice Soils, their compo.sitiou and relationship to 
the crop, by W. H. Harrison, m.sc. ; and P. A. Shbramania Aiyer, 

B. A. Price, Re. 1-8, 

Experimental Error in Sampling Sugarcane, by J. W. Leather, pIi.d., 
F.I.O. Price, Re. 1. ’ ’ 

Liquefaction of Rice Starch, by F. J. Warth, m.sc. ; and 
D. B. Dakabsett, B.SC. Price, Re. 1. • 

A. 0. Dobbs. Price, Re- 1 or 1#. 6d. ’ 

Sodium Chloride, Water, by J. W. 
kite Re.’l Jotindka Nath Mukku,;ue, b.a., b.sc. 
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’i’V^iter, Galeiuui Carbonate, MaKuesiuiti Carbonate aiul Carbojiif 
Aoicl, by J. W. LEATJiEii, rli.D., F.i.e. ; ami J.VTiNurwV ISTatu Sen, m.a., 
Price, lie. 1 or Is. (jf/. 

Stiulies of an Acid Soil in Ansam, by A- A. Price, 

He. 1-8 or 2s. 6d. 

The Gasea of Swamp Kice Soila, Pai-t II. Their utilization for^ the 
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The Bombay Locust— -A Report on the investig.atiou.s of 19lj;?-04, by H. 

M. Les'KOY, M.A., F.E.S., B’.z.s. Price, Rs. 2-8. 

The more Important In-sects injurious to Indian Agriculture, by H. 

M. Lefroy, M.A., IMS-S., E.Z.S, Price, Rs. 3. [Out of prhU.) 

The Indian Surface Caterpillars of the Genas Attrotis, by H. M. Lkfiuiy, 
M.A., F.E.S., F.Z.S.; and G. C. Ghosh, b.a. Price, Ke. 1-8. [Out of print.) 
Individual and Seasonal Variations in Helopdtis thnimra, W.aterhoiise, 
with description of anew species of Helopeltis, by H.akoli> H. Mann, 
D.sc. Price, Re. 1-8. 

The Coecidaj attacking the Tea Plant in India and Ceylon, byE. E. Gkbjkn, 
F.K.s. ; and Harold H. Mann, d.sc. Price, He. 1. [Out of print.) 

The MiLstard Sawfiy, by H. M. Lefroy, m.a., f.k.s., B’.z.s. ; and 0. C. 

Ghosh, B.A. Price, He. 1. [Out of print.) 

The Rice Bug, by H. M. Lefroy, m.a., f.e.s., f.z.s. Price, He. 1. 

Remarks on Indian Scale Insects [Ooackka), Part III, by E. E, Gkeb:n, 
F.E.S., F.z.s. Price, Re. 1-8. 

The Red Cotton Bug, by H. M. Lefroy, m.a., f.e.s,, f.z,.s. Price, Re, 1. 
[Out of print.) 

The Castor Semi-Looper, by H. M. Lefroy, m.a,, f.e.s., f.z.s. Price, Rs. 2. 
[Out of print.) 

The Tobacco Caterpillar, by H. M. Lefroy, m.a., f.e.s., f.z.s. Price, Re. 1-S. 
[Out of print.) 

The Cotton Leaf-Roller, by H. M. Lefroy, m.a., f.e.s., f.z.s. Price, Re. 1-8. 
[Out of print.) 

Notes on Indian Scale Insects [Goccuhn), by H, Maxwell-Lefrov, m.a., 
li-.E.S., F.Z.S. Price, Re. 1-8. [Out of print.) 

Life-Histories of Indian Insects— I [Goleopteru), by H. Maxwell-Lefroy, 
M.a,, f.e.s., F.z.s. Price, Rs. 2. 

Life-Histories of Indian Insects— II. Some Aquatic Rhynohota and 
Goleoptera, by D. Nowrojee, b.a. Price, Re. 1-8, 

Life-Histories of Indian Insects— III. The Rhinoceros Beetle [Oryctes 
riiinoceros) and the Red or Palm Weevil [Rhynohophorus ferruninms]. 
by 0. 0. Ghosh, b.a. Price, Rs. 2. 

The Food of Birds in India, by C- W. Mason, m.s.e.a.c., edited by H, 
Maxwell-Lefroy, m.a., I'\e.s,, f.z.s. Price, Rs. 7-8. 

Eri Silk, by H. MAXWELL-LEFiiOY, m.a., f.e.s., f.z.s., and C. C. Ghosh, 
B.A. Price, Rs, 3. 

Tetriginae (Acridiime) in the Agri. Research Institute, Pusa, Bihar, with 
descriptions of new species, by J. L. Hanoock, f.e.s. Price, Re. 1. 

The Big Brown Cricket [Brachytrypes achaiinus, Stoll), by 0. C. Ghosh, 
B.A, Price, Re. 1. 

Life-Histories of Indian Insects — IV [Hymenoptera), by G. R. Dutt, 
B.A. Price, Rs, 2. 

Inquiry into the Insecticidal Action of some Mineral and other Compounds 
on Caterpillars, by H. Maxwell-Lefroy, m.a., f.e.s., f.z.s. ; and R. S. 
B’inlow, B.sc., F.C.S. Price, Re- 1-8. [Out of print.) 

The “Psylla” disease of Indigo, by A. J. Grove, m.sc., and C. C 
Ghosh, b.a. Price, Re. 1-8. 

Life-Histories of Indian Insects— V [Lepidoptera), by 0- C. Ghosh, A- 
Price, Rs. 2-8. 
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C. M. Hutchinson, B.A. Price, Ks. 2-S. 

Vol. i, No. II. Rangpnr Tobacco Wilt, by 0. M, Hutchinson. i:.a. Price, K.s. 2. 
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Anaphylaxis in the larger Animals, by Major J. D. E. IIoi.me.s, m.a,, I).,s(.*., 
ar.K.c.v.s. Price, Es. 2.- 

Salvarsan in the Treatment of Surra in Horses, Dogs and Eabblfc.s, hy 
Major J. D. 13. Houmes, m.a., d.sc„ m.iuo.v.s. Price, Ke, 1-4. 

Some more Succe.ssf 111 Experiments on the Treatment of Surra in the 
Camel with Eecommendations for Systematic Treatment, by A. S. LEE.'Si.’,, 
M.R.c.v.K. Price, Re. 1. 

On the Immune Bodies occurring in Anti-lliiulerpeat Serum and on the 
Variations occurring in the Serum Proteins of Animals during Rinderpest 
and during Immunisation and Hyper-immunisation, by P. Hartley, 
l).sc. Price, Es. 2. 

Some cases of Surra treated in the Field and in the Laboratory during the 
autumn of 1911, by Major J. I). E. HOL.MES, .M. A., I»..sc., AV.R.c.v.s. 
Price, Ee. 1. 

Rinderpest: Further Investigations on questions connected with the 
Economical Production of Anti-serum, hy Major J. D. E. Holmes, M.a., 
r)..sc. Price, Re- 1. 

The Curative Treatment of Hsemorrhagic Septiccemia in Cattle by the 
administration of Iodine and other note.s on Chemiotherapy in Einder- 
pest and Hajmorrhagic Septiemmia, by Major J-D. E. HoLMES, O.I.E., 
M.A., n sc., M.R.o.V.s. Price, Re. 1 or Ls. 6d. 

The Vitality of the Hsemorrhagic Septic.cmia Organi.sm outside the body, 
by Major J. D. E. Holmes, o.i.e., m.a., r.sc. Price, lie, lor ].«. ijd. 

Bur.sat.i, by Major J. D. E. Holmes, o.i.e., m.a,, p.so., m.r.o.v,h. Price, 
Re. 1-8 or 2s. 3d. 

Experiments on the treatment of Surra in Camel.s, by H. E. CROSS, M.R e.v..s., 
D.V.H., A.sc. Price, Ee. 1 or l.v. 6d. 

Anthrax— some experiments on the Immunising Effect of the simultniieou.M 
injection of an Anthnax Attenuated Virus and an Anthrax Anti-Sernni, 
by Major J. D. E. Holme.s, C.T.k., m.a., use., M.n.n.v.s, Price, Rc. T 
or 1.?. 6d. 
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No. 1. Notes on Cotton in Bihar in 1904, by H. M. Lefroy, m. a., f.e.h., f.x.s. Price As. 4 
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No. 2. An Outbreak of Cotton Pe.st3 in the Punjab, 1905, Iiy H. M. Lefroy, m.a., f.e..s 
F.Z.S. Price, As. 6 or 7d. 

No. 3. The Exten.sion of Jute Cultivation in India, by R. S. Finlow, p.rc. Price As p' 
or Ir. 2d. [Out of print.) ' ' . ' 

No. 4. First Report on the Fruit Experiments at Piisa, hy A. Ho warp, m.a., a.iu-r 
E.L.s. Price, As. 6 or 6d. ' 

No. 5. Report on Trials of the South African Locu-st Fungus in India, by E. ,1. IVUTLER 
M.B., F.L.S. ; and H. M. Leproy, M.A., F.E.s,, KZ.-S. Price, As. 2 or 3d, ' 

No, 6. The Ticks Infesting Domesticated Animals in India, by 0. WAiUiURTON, m a 

^ [Out of print.) ’ ‘ ’ 

No. 7. A Preliminary Account of the Biting Flies of India, by H, M, Lefroy, m. a., p.e.b, 
P.55, 8. Price, Re. 1 or 6d. [Out of print,) ' 
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Offioial and Recommended Methods for use in Chemical lahovatoriets of the Depart- 
ments of AKdcuitiu-e in India, by .T. Waltkk. Lkatheu, fh.u., i.i.c. lute, as. 
or 6d. . . ti 

Report on Coconut Palm Bisea, se in Travancove, by E. J. BUTLEU, M.K., IM.s. 
Price, A.S. 6 or 6rf. (Out of imnt.) 

Treatment and Observation of Crop Pests on the Pi'isa Fai-m. by H. M. Besuoy, m.a., 

i'.E.s., i'.z.s.; and 0. S. Miska, B.A.. Ih'ice, As. 6 or 7d. {Out of in int-) 

On Flax Dodder, by A. Howaud, m.a., a.k.o.S., ki.s. Price, As. 4 or M. (Out 
of print.) 

The Making and Care of Dawns in India, by A. Howaud, m.a., a.u.c..-., 

Fvioe, As. i or Qd. {Out of print.) a .... 

Not. 0 . th. Extemioil of Cultivation of Kbre Plant, in India. Prio., Aa 6 or W. 
Second Koport on the Pniit ISxpeiimenfa at Pusa, by A. HowiED, V.A., A.K.t.s., 

- — »■ - 

M^ornLroorMrn Wheat lovtlio Eritial, Mavltel, by Sir Jambs WtBON. K.C. «. 
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THE GENUS RHIZOCTONIA IN INDIA. 

BY 

F. J. F. SHAW, B.Sc. (LoncL), 

AND 

S. L. AJE,EKAR, B.A.,, Hip. Agr. (Cantab.) 

The genus Rh/izodoma lias attracted considerable attention in recent 
years in India. Eni'ope and, particularly, in America. The previous work^ 
in this country was concerned chiefly with the form R. Soktm Kiihn, which 
wUiS shown to be t/lie cause of extensive damage to jute, cotton, and other 
crops. Moreover cross inoculations between different hosts revealed the 
presence of a specialization in the parasitism of this fungus analogous to that 
so well known in Puccifvia and Erysiphe. The present paper describes two 
species of Rhizoetonia of some economic importance in India and presenting 
a few points of general scientific interest. It is unnecessary to recapitulate 
here the historical information relating to this genus which lias been sum- 
marized in a previous communication.' 

RMzodonia Napi West. 

In January 1914, the state of the mustard croj) in one field of the Busa 
Farm indicated the presence of a virulent disease. The crop was about three 
feet high and was well developed, but the stems, pods, leaves, in fact all 
parts of the plant, were covered with a thick Avhite growth of mycelium. 
This produced a dry rot at the nfected area and as a result a large numbei' 
of plants were lying prone on the ground with bent and broken stems. In 
the majority of cases the patches of mycelium contained sclerotia. These 
Avere large Avhite aggregations of hyphse, which ultimately turned black on 
the outside ; they Avere common in the cavity of the pith and inside the pods. 
The striking point about this parasite was its omnivorous nature ; in fact 

1 Sliaw, F. J. F. “Morphology and rurasitian of EhizoPtonia,’V l/ew. Dept. Afjvi. Indian 
Rotanieal series, Vol. IV, No. 0, 1912', 
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the Iiuia'u,-:; iii)pi'urcd to spread upon all living plants in tlic vioinii v of i in’! 
niiisrard as rlie following list o!' hosts will show ; 


.1 iiH/i’fiii.l Jills h'isljs 

Ai'fjemoiU' •nu^'jicahit 

Arena saUrn 

Beta heniptlensis 

Bi'/is.Ara rani past ris Viir. pJavea 

(hilamvniiia ' 

i '(lyrnnbis saliva 

Ch en apod i urn alhivin- 

dm' avieliiram 

(Jineiis arrensis 

Famaria parvifora 


llonleani vvitjare 
LalhjP'as sa/iinis 
Lens escidenla 
Lenras 

Lin am asi/alissini inn 
Medimija liijial ina 
Pis am salivaw 
Bcopana, duleis 
Tfil'icam vnh/arc 
Vteia liirsala 


A second outbreak of this disease took place in Febriuiry 1915, wluni a, 
small field of gram was attacked. In this case the itmgns oecuired (‘hittly 
on. the pods (PI. .1, fig. 2.), which turned white and became iilhnl with llie 
fungus. The same parasite has also been found attacking crncifiM-oiis ]dants 
(e.g., Efifsimum) in. gardens in which the soil had been heavily manured with 
cattle manure, and the fact that the field of mustard on which it first 
appeared in Pusa had also received heavy applications of organic manures 
suggests that the outbreak of the disease is favoured by this treatment. 
The infection might pass into the soil whh the manure or the latter may 
merely create the conditions wdiicli are necessary for tlie rapid developmcnit 
of a fungus hitherto dormant in the soil : the low'ering of the ])oiver of 
disease resistance in a crop which, results from heavy nitrogoji()ii.s .niaiiiiring 
is w^ell kiiowMi. 


Inoculations upon glucose agar mediund I'csulted in a raj>i(l growth 
of the fungus and the production of nnineroiis sclerotia (PI. VI, fig. 3). d’he 
.hyplme w'cre of the typical Rh/izoefoma form, the branches r)f tlie myceJium 
being characterized by the basal constriction and transverse w'all (PI. V, fiu. 1) 
so w-ell known in other species ; the cells were about IfiO/x long and lipi liroad 
but showH'cl great variation in. size. The sclerotia wu'TC irregular round bodies 
black on the outside and white in the interior (PI, II, figs. 2, d) ; they were about 


1 Extract of Lenico 
Sodium clilorido 
Peptone 
(}luco.so 
Agar 
Water 


4 grmy. 


10 

20 


1000 0 , 0 . 
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2 to 5 uun. in. duiniete.r, but by several sclerotia adUeriug togetlier composite 
bodies up to J. or 2 cm. may be formed. The sclerotia consist of hyphse tightly 
woven together, of Avhich the outer two or three layers have divided up into 
sirifdl thick-walled black rectangular cells forming a protective covering to 
the softer tissues of the interior (PI. II, fig. 3). A comparison of the sclerotia 
and hyphre with the known species ot RJiizoclonia suggested that this parasite 
was Rhiznctonia Napi West, a fungus which Avas first identified u])on 
Brassim Napus at Courtrai in Belgium.* Growth upon glucose agar was 
very vigorous and the same may be said of French beair and oat juific® 
agar ; on the two latter media a spore form was produced, the presence oi' 
which was particularly interesting in view of the recent work on the 
nature of Rhizocfonda. Modern evidence'" has shown that the perfect stage 
of RhizocUmia is, in some forms at least, a basidiomycete belonging to the 
genus G(yrliGvum, The spore form produced on French bean agar cultures 
of R. Napi has however no relation to Cortieiuni. A fertile hypha of the 
mycelium bears numerous short branches which, terminate in small spherical 
colourless conidia, (PL V, figs. 2, 3, 4) ; sometimes the conidiophores branch 
again themselves, the ends of the secondary branches bearing the spores. In 
other cases the conidiophores are collected in a dense bushy terminal growth 
at the apex of a thick hypha. The whole morphology of this fertile stage 
strongly suggests the genus Botryf/is. The short thick conidiophores are 
swollen at the base and taper to a point at the distal end bearing the spore, 
The spores are spherical hyaline bodies about Ajx in' diameter in the examples 
illustrated in this paper, but cases have been observed in old cultiires of 
S-12/t in diameter. The conidiophores vary in length fi'om (Ig in the case of 
short unbranched individuals up to 247^ ii) the longer branched forms. 

The spore form very rarely occurred on glucose agar, although numerous 
inoculations were made upon this medium from a mycelium containing fertile 
branches. A sub-culture upon French bean agar from a very young glucose agar 
culture, containing only aboiit in growdh of typical hyphse, produced the spore 


, 1 Saccardo, P. Syll FHn(l; Vol. XIV, p. 1176, 1899. 

2 9.'al<e 50 grms. of eruislied Fi'eneli beans ov oats and boil with 390 c.c. water for | hour and 
sivaiii (hvoiip;!! a wire; ganze. Dissolve 10 grins, of agar in 200 o.c. water, add decoction and 
lu'ut to mix thorougbly. 

liolFs, F. M Gnionuln Aejne. Gall. Bull. 70, 1902, Bull. 91, 1904. 
niisKOw, 11. T. I’ei trag zur kenntniss des KartofEel Grimles. Gorticiitm vagum B. 0. var. 
snliani, Burt. f. PfliununlranlAi, Vol. XVI, 1906. 

.Petbybridgis (!. H. “ Investigations on Potato Diseases. ” Journ. Dept. Agric Tech- Inst., 
Ireland, Vol. XT, 1910-11. 

Sliaw, lac. Cut. 
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foiTii altliouali tliP parent glucose culture never did so ; in only one caso, lliaL 
(,)!' a riiltiii'c from a diseased gram plant to glucose agar, did tlic spore ]or,ni 
occur on this mcdiuim Moreover the fact that in culture it was ])Ossi]d(^ io 
trace the fertile hyphse in organic connection with liyplu .0 which liacl l !u' 
typical branching of Ehizoctonia hyphse {PI. V, fig. i) shows that the Icriile 
form is part of the sclerotial fungus and not an impurity iu fadtiirc as 
might have been suspected. 

The gTovdih of the fungus in agar culture continued cpiite vigoi'ously 
up to the month of April. About this time it was noticed that the vigour 
of subcultures was declining, and in some cases no growth was obtained. 
At the same time the mycelium of older cultures began to tuiar black. \ arions 
devices were tried to induce the fungus to grow and it was linally <liscoYen'd 
that temperature was the limiting factor. On transferring the cultures to a 
cool incubator at 23°C. growth continued in a normal nuiiiuev ; the cultures 
were maintained in the cool incubator through the hot weallu'r and were 
finally resumed in the open air in October. The average month ly t emperatnre 


of the Mycological Laboratory during 1914 at Pusa was as follows 

°C. 

January . . 

. 17 

July .. 

. 31 

February. . 

. 22 

August . , 

. 28 

March . . 

. 26 

September 

. 29 

April .. ... 

.29 

October 

. 27 

May 

. 30 

Noveinbier .. 

. 23 

June 

. 32 

December 

. 18 

The maximum temperature 

for the 

growth of R. Napi W'Ould 

therefore 


seem to be about 29°C. 

In order to test the temperature relations of this fungus an experiment 
was made in which cultures were placed in incubators at difiereut teniporti- 
tiires. viz., 23'^, 29’', 32°C. At the lower temperature 23°C. growth was sliong 
both upon glucose agar and French bean agar. At 29°C growth was nmcli 
weaker and sclerotial formation was slight; at 32°C growth wab practically 
entirely inhibited. At the high temperatures the fungus turns a brown black 
colour in culture. This experiment therefore indicates 29°C as about the point 
at which the degree of temperature has a markedly inhibitory effect on tlu; 
growth of 12. Najti, while at 32®C. and upwards growth may be considered 
impossible. Since exposure to a temperature of 29°C. and upwards inhibits 
the growth of the fungus it is obvious that it can only occur as a serious para,- 
site on the plains during the cold weather. On the other hand, it is by no means 
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certain, that the heat of t,he hot weather and rains is sufficient to kill the fungus 
even when endured for a long period. During the month of June cultures 
ceased growth when kept for several weeks at the ordinary laboratory tem- 
perature (from 29-5 — 32®C.) but commenced grovdh again when placed in aji 
incubator at 20°C. In a second experiment cultures were kept at 29‘ C, 
and 32^C. for 48 hours, a t the expiration of which there was a very slight growth 
in the tube at 29°0., and were then transferred to a temperature of 23°C. and 
examined again after 48 hours. Growth was resumed strongly at the lower 
temperature but the tube which had been kept at 32°C. did not give sucli a 
good growth as that from 29°C. 

The temperature of the soil in India has recently been the subject of in- 
vestigation^ and the following statement shows the appi'oximate averagi* 
temperatures throughout the year at depths of 2", G", 12", 18", 24" in tlie soil 
at Pusa.. 


i 

2 




18" 


1" 

Month 

Maxi 

mum 

“C. 

Mini- 

mum 

Maxi- 

mum 

“C. 

Mini- 

mum 

■■'G 

\Taxi- 

inmn 

“0. 

Mini- 

mum 

c 

\*axi- 

nuim 

’O. 

Mini- 

mum 

“C 

Maxi- 
mil in 
X*. 

Mini- 

mum 

C. 

.Tan nary 

22 

11 

U) 

14 

10 

17 

17 

17 

18 

18 

February 

27 

15 

23 

17 

21 

19 

20 

20 

20 

20 

Mansh ... 


17 

28 

20 

25 

22 

23 

23 

23 

23 

April ... 

36 

22 

31 

24 

28 

26 

27 

27 

27 

27 

May 

39 

28 

35 

30 

32 

31 

31 

31 

31 

31 

June 

39 

29 

35 

31 

34 

32 

33 

33 

33 

33 

July 

35 

28 

33 

29 

30 

3') 

31 

31 

31 

31 

Aiigast ... 

35 

•■8 

32 

29 

31 

31 

31 

31 

31 

31 

September 

35 

27 

33 

29 

31 

30 

30 

23 

31 

31 

October... 

35 

24 

32 

27 

31) 

29 

29 

29 

30 

30 

November 

27 

17 

25 

20 

23 

22 

23 

23 

24 

24 

December 

23 

12 

20 

15 

18 

18 

19 

19 

20 

20 


It is clear from the above table that R. Napi is incapable of growth in 
the first 24 inches of Piisa soil from May to October, and indeed the high 
temperatures experienced in the upper layers of the soil might suffice to kill 
the fungus, but, from the facts detailed above, it is evident that the fungus 
might be capable of withstanding prolonged exposure to the temperatures 
which occur at depths below 18" from the surface, and thus surviving until 
the next cold weather when vegetative growth is again possible. We must 
be cautious however in making a comparison between a fungus ef^during a high 
temperature in a culture tube with an abundant supply of food ind moisture 
and one meeting the same degree of temperature in the Indian soil under 
natural conditions when extremes of heat and drought frequently coincide. 

1 JjcatUci' J. W. “ Soil TcmiJcratiii'cs.” Mem. Dept. Agr. India, Chemical series, Vol. IV, 
Nu. -J, 
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IniVctifiiis from a^jar culture, ui^oii mustard (PI 1= -0 '‘**‘<5 

plants were invariably successful, the deatli of tlieliost takiuii; jdace in t'\< \\ 
case ; the fungus formed a copious growth on the exterior of (In* simn, as wp|! 
as penetrating within, and numerous sclerotia, togetlnu- with tlie .spoi-c^ sla.me 
were formed. Fj'om the diseased plants the fungus was again isolat'd in juiiT 
cultiii'es where it again produced, the spore lorin. 

JiJiizodonia destruen-n Tass. 

This fungus was first noticed in duly, 19T2, when it a])p('ared on I'otling 
]) 0 tHto tuhers sent from storage at Bankipore. The diseased potatoes weiv 
ratiier soft and showed tliick white strands of mycelium a.nd brouii stdm'oiia 
on the external surface. The tubers were incubated in a. moist idiambcr and 
guA'e a very copious growth of white liyjilne (Bl. IV, . (ig. 2) ; the liyplia* showi’d 
a tendency to become united in strands which made the inyci'lium very lough 
and gave it a fairly characteristic appearance. The branciiing ol tii<‘ iiyplim 
followed the characteristic form of Rhizodoiiia and edanp) comu'ctionh 
were very numerous. The sclerotia were formed in abiindaumn wcri' light 
brown in colour and of fairly regular spherical shape about 1-2 mm. (IT. 1\ . 
figs. 2, 3) in diameter. In section the sclerotia showed a white interior, 
surrounded by a thin brown outer layer consisting of two ui- three hypha' 
divided up into rectangular thick walled cells. At the time when t his jiurasit e 
was first collected it was not identified with any certainty ; the fungus was 
obviously not the same as the R. Solmd Kiihn, which had been found previously 
ou rotting potatoes, but the matter was finally decided in February, 1913 w.fien 
specimens of DelfMnmm, suffering from the same fungus, were received ft'o.i.u 
Alipore, Calcutta. The fungus was obtained in culture from the Ddpimi'uv^ 
and showed a strict agreement with that on the potato. A coinjairison of 
the parasite with the description of R. dedmend Tass., first described by Tassi 
on Belphmhm in the botanical garden at Siena in Italy, left no doubt as 
to the identity of the fungus. Infections from gluco.se agar upon healthv 
uninjured Delpliiniiini plants (PI. Ill, fig. 3) gave 100% of deaths in a. fmv 
days. Si.n,(‘e making the above ohservations the fungus has apjx'ured as a 
rirnlent parasite of different crops in various parts of India. 

(1) Betel vine (R iper . bdle) is seriously damaged both in Ih-iigal and 
Bombay (IT. IIJ, fig. 2). In Bengal the disease occurs in Ihe vieinily ol 
Bogra, during the rainy season, and in Bombay it is common in the distiiet 
of INTisik and also occurs in .Dharwar and Jieiga urn. The fungus at lacks 
the, plants at about the level of: the collar (.IT. Ill, fig. 2) uiid below the. 

' Kaeeardu, P. HijU, Fiiufj., Vu!. XYl, p. 110!). 
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soil, wliere it sets up an extensive rot in tlie stem swiEtl^y leading to tiio 
death of th’o whole vegetative portion above ground. The whole of the 
1 ‘otted poi'tions of the plant become covered wdth a thick weft of hyphie with 
numerous selerotia. From, a diseased plant it is easy to obtain the fungus 
in eultiu'e ; its form in. culture (PI. VI, fig. 1) does not differ from tluit on the 
host and agrees with that seen previously upon potato and Delphinium . 
Cultures of the fungus from Bombay^' Presidency sometimes showed tlie 
selerotia slightly stalked and the same thing was also noticed on diseased 
betel vines from Bogra. This agrees exactly with Tassi’s original description 

as given i.]i Raccardo “ Tiiberculis interduni minute umbilicatis.” 

Roniotimes this feature is so marked that the selerotia take the foim of club 
shaped liodies, recalling the selerotia of Xylaria, in this state they often 
remain white in colour and never become browm ; occasionally tlie selerotia 
become fastened together in clumps — a common feature in this genus. Inocu- 
lations from agar cultures upon betel vine were very successful both at Pnsa 
and at Poona,, the infected plants dying in every case w'ith a copious develop)- 
nient of tlie fungus. No trace of a perfect stage was ever found. A basi- 
diomycete, ideuti.fied with. Dadalea, was found closely associated witli 
Wiizodonia destruens on betel vine, and on stems of Sesbania (.egyptim, gi'owm 
as supports for the vine, b(.)th in Nasik and Belgauni. But no oi’ganic 
connection could be traced between the two nor did successful inoculation 
with R. destruens on Sesbania succeed in jiroducing .the Daalalea. 

(2) Potato {Solanuni tuberosian). As already mentioned the potato 
is liable to disease owing to this fungus (PI. IV, figs. 2, 5). In Bihar the 
parasite lias a]i|)cared chiefly as a I'ot of stored potato, but hi the vicinity 
of Poona it is a frequent cause of trouble to the growing crop, The mode of 
attack is exactly similar to tliat observed in the betel vine, the portion of the 
stem at the ground level, and the subterranean parts of the plant, becoming 
covered with a weft of hyplim with selerotia (PI. IV, fig. 3). This is followed 
by tlie rotting of these parts and by the drying and browning of the leaves ; 
the attack is usually late about six weeks after the planting of the sets. Tlie 
tubers froiii diseased plants are apparently sound although smaller than 
tliose fi'om iiealthy plants but cases have been found iji Mhicli a])paienUy 
sound InlxM'S from diseased plants have been infected wit.li the luycelium 
(hrough tli('ii' albiclmient to the parent stem. The expericiitM' with slorcd 
potalo('S ill Ihluir sliows that tubers from a diseased crop are probably iiilcftcd 
with the fungus. The use of a wash of standard corrosivi- sublimate, combiiied 
witii projier precautions in. storage, w'oukl certainly go far tow'ards lessening 
this disease in store. 
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Inoculations upon potato tubei-s were imiforinly su(r.<‘.SHi.iil. wln-n I lie. ni- 
faction was made upon the cut surface of a tuber. In unwoiindcd fniMTs 
although the fungus spread over the .surface of the tuber tjn^ external eurky 
covering was sufficient in many cases to pinvent penetrathui. ooiii<tiin('s. 
however, penetration took place through the eyes, or even Mirongh I lie leiili 
cels. The same results were obtained whether the fuiigns n.scd f<»r im.enla- 
tion hud been isolated from a diseased potato or Ironi tJn^ b(d<d vine. 

Hiivmi iAm(}rpJiop]mlh^ mmpamulaius). This crop is. in itooiai. 
freqiientlv damaged by R. dedru&ns ihQ conns rot ('(aniilct cly in tlm soil and 
the shoots die later (Pi IV, fig. 1). In culture tlie fungus from .-uiinn is 
indistingui;s liable from that of the other hosts and inoculations gavi' similar 
i-esults to those on the potato. In every ca.se in wliicli the oiiI<m‘ .siirlacc ol 
tin.' conn was wounded before making the infection tin' fungus cMtaldished 
itself rapidly and tlie death of the lio.st soon took place. If. linwex er. I he outer 
corky surface of the conn were iinbroketi .successful iidr'ction.s svcrc I'arc. 
Croiss inoculations from potato and betel vine yielded the same rc, suits. 

(4) Lucerne {^ledmigo has beiin fourid siifitnhig In ^ deslrantH 

at Surat, but the damage was. not extensive and the para.site is unusual ou this 
host. The fungus attack,s the plants at the collar, setting up a rt.il: td' f h(‘ stem 
and leading to I’apid death of the aerial poi'tion. 

(5) Groundmit {Amdm Jiypoycm) has also been ob.scrvi'd t.o .suJfcr from 
R. deslniens when sown on land whicli had previously borm* a .Ifhizuclofiio in- 
fected potato cro}). 

(6) nice {Oryza saliva). Although. R. dxuslruens is not at preseui known 
as a parasite of rice in India it has been collected on this host in Java during 
the last two years. 

Ill November, 1913, some rice-, seedlings, with brown niusfard'Scedliki* 
sclerotia formed on them at the collar, were collected at Luitcnxm'g. .lava. 
The rice-seedlings were dying in large numbers, presumably us a ivsull of ihc 
attack of this sclerotium -producing fungus. 

The sclerotia were iLsed for obtaining pure cultures (,)n gliicos(‘-jM-p1 onc- 
agar mediiini. with the result that a fungus was nbtaiiual which was indis- 
tiiigui.sliable in any particular from the Rkkodoniu dcslrams on bido) \-in.‘ 
and siiran ; no .spore form has been obtained though the fungus ha.s bct'ii in 
cultivation for over a year. Borne inoculations were canhal out wilh pure 
cultures from the rice sclerotia on suran, potato and rim', as ho.sts, 'I'hr 
two former hosts were successfully infected but the j'esulks wilh ihtc wciv 
inconclusive. 
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Several sclerotia-lorming fungi are known as parasites of the rice plant" 
but up to now all have been members of the genus Schrotmm, namely. Sdero- 
tiwm Ofpffi Catt., Sderolmm glu'imde Ces. mid Schrotkim irreyulare Miy., 
and can easily be distinguished from R. destmens Tass. The most recent 
work on a, sclerotial parasite of paddy is that of Van der Wolk- from Java. 
From this author’s description and figures it is not possible to form any cleai’ 
picture of the characteristics of the sclerotia and mycelium of his fungus, 
which he has elevated into a new species under the name Sclerotium omnivor urn . 
Van der Wolk also states that two spore forms, one a species of Ascohohis, were 
connected with bis sclerotial fungus as however the evidence on which this 
was based was derived from cultures consisting of pans of rotting vegetable 
matter, from which it is admitted that saprophytic bacteria were not excluded, 
it is difficult to regard the author's point as satisfactorily established. 

There is no evidence of any specialization in the parasitism of R. destrimns. 
Cross inoculations witli the form from one host plant on to anotlier host were 
invariably successful. DcZp/icndw/#/ is susceptible to the attack of all forms 
and successf ul inoculations on unwounded plants were obtained with R. dm- 
l/nmis fi’om betel vine, potato and lucerne. On potato and, suran the fungus 
appeal’s to be a weiiker parasite than on betel vine and Beljjhinmm : the former 
hosts rcquii'ing a wound in their .superficial tissues before the fungus can 
penetrate. Jowar seedlings are also attacked by R. dedruens and inoculations 
in the laboratoi'y gave 60% of deaths ; moreover a basidiomycete rcsenibling 
a Eypochnus was found associated with the Rhizoctonw on the jowar. In view 
of the connection between other species of Rhizoctonia and the genus Corticiwm^ 
this result was very suggestive, but, unfortunately, all attempts to repeat 
this experiment from the point of view of producing the basidiomycete, 
were iiusuccessfui. 

Methods oe Treatment AC4AmsT Rhizoctonia Disease. 

Fungi such as Rhizoctonia possess a method of peremiatrng from one season 
to another by means of their sclerotia. It is therefore important to obtain 
some idea as to the longevity of the sclerotia. The sclerotia of R. destruens 

t Shaw, F. J. F. ‘‘ Sclerotial DiKcase of Kicc.’' Mtm. Dc.pt. Aijric., .India, Hot. Bar., 
Vol. V.i:, No. 191:5. 

.Miyake, 1. Stiulicii iU)er tka- <ler Picispflairzc in .lapaii. Joum. Collefje of Agric., 

Tohio, 1910. 

■1- Van iler Wolk. .1*. (1. Bhiso^tilheUa ruOra (ii. gen. n. spec.) a by -fruit form of A .‘icohnlus 
parasiticm (nos'. spec.) iuid its connection with the “ Sclei'otimn disease ” id certain tropical 
cultivated plants [Bctcrolhim onmivo-rum). Aly colog ische Gentralhlufl Bd. IV, Hft. o, ,lvinc, 
ItlJl, 

>* I'uU'w, tiiissuw, I’cUiybridgc, Shaw, loc- cil. 
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JiHM? foniul to irorjniiiiite whon about sixteen uiojitlis old, but selorolia 
kept uuich loiijrcr tlmn this generally failed to genninate. This suggests Unit, 
i'otatifui of crops, and ;a’oiding a /('//fsrWrw/n-siiscniptible tiost lor a. bnv s(‘ast),i)s 
might he a useful })ra('tice. but extcuisive experiiuonts aia; neei'ssary to esta1»- 
lish the utility t)f this method of starving the fungus out ol the soil. AietJiods 
of sterilizing the soil which may be practicable in the laboratoi'y or seed 
nursery are liardly ever possible in general agriculture ; since, however, 
li. dastruen.'i is a paiusite on Delphdnivm and Dianlhus it might be Worth 
using a soil fungicide in such cases. 

\’'arious methods have been used to sterilize soil against Jiltlzodonia. 
In the prevention of damping off of coniferous seedlingvS. due to N/iizorloDia or 
PijlkiiiiH. the use of commercial sulphuric acidas a soil fungicide is i-eeumimMuh^d 
by a number of authors^ ; the best strength seems to be a soliii ion of I oz. in 
1 gallon of water applied at tbe rate of 3/16 oz. per square foot. .Kc.nmialin is 
often used as a soil fungicide,- the strength of the solution is coirmnM-eial 
formalin 1 pt. water 50 pts. at the rate of | gallon per squa.r<i fool, and 
Salmoid and Eriksson‘S both suggest the use of a solution of |)lu‘.nol. but 
sterilization by heat is undoubtedly one of the most efficient uKd-hods. lii 
the case of seedling beds steam sterilization by the inverted j)an method is 
strongly recoirunended by Johnson-*, but the less troublesome and experisi v(.i 
formalin treatment would probably be preferred by most people. A. marked 
instance of the sterilizing effect obtained by heating the surfacKi of the soil 
is provided in the raising of tobacco seedlings in Pusa.''* It has been found 
that in seedling beds which have been so treated tlie plants arc? practically 
immune from a destructive damping off due to ji fungus which, under cc'rtain 
conditions, dees great damage. Tliere is reason lo helic'vc? that this particular 
disease is due to R. Solani Kiihu, • In all cases cd sterilization of soil by formalin 
or by steam it is necessary to remember the secondary effects which may arise 

1 SpaulUiiiu, .t. *' I’l’caliiunit- of tlaiujuiig- ctll iu (ittiiiferou.s U. -hirlc. 

Jiunan of Plant Indusiry, Oirc. No. 4, 1908. 

Hartioy, Carl. “ Use. of soil liingiculos lu prevoiit danijiing olf in foailVroiis sctMlliiiw." 
Proe. Hoc. Amer- Foreskm \'ol. Vlli, I!) 1 2. 

Kra'iuer, 11. *• Dilute sulphuric acid as a Huiigieide." I'ror. Awcr. J'hll. Hur., \ i.I, .XLV, 
1900. 

2 .loliusuii. J. “ Cont rol of ilaniplng dll' ill JTi 111 . heds.” Ayric. F-xp- Uiriv. fC/.woa.^'m, 

It all. Ml. 1914. ' . 

li SaliHiiti, K. Ucnltnc.rd Chronick M, p. 1. 1908. 

■i EriksMiu. ,J. Einiee Studieu iiijcr y'ur/.eltolor. VadrulUuU. f. IJnll. Pnni.sil. In- 
JcUio„Amu,l, Vol X, 190:5. 

5 Howard. A., and Hmvarcl, (i. L. C. " linproTcment of H'oliuceo CnliiYation iu r.iluir." 
pull. No, uO, Ayric. llm. last., Pima. 
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in soil so treated.^ In tlie cultivation of paddy in some parts of the 
Ijojiibay Presidency the. practice of ‘‘ rabbing,”- that is of burning the surface 
lay (M'S ol; the soil by spreading lire wood and rubbish and igniting it, would 
not l.)(^ without some sterilizing effect and might perhaps be extended with 
advantage to the jn'ejraration of land for betel vine. 

With crops such as potato and suraii, in which portions of subterranean 
stems are used for seed purposes, there is always the possibility of sowing 
tubers or conns which have sclerotia adhering to their surface. In these 
cases treating the seed with some fungicide is a cheap and efficient niethod of 
lessening the chances of infection. The effect of corrosive sublimate and of 
formalin as a seed dip was determined by steeping sclerotia, of E. destmavn 
for lioins in each and then trying to germinate them on wet Idotting paper 
and in culture tubes. 


Fungicides 

Strength 

t’e.salfe 

Con’o-sive Sublimate 

1-0 % 

()•! 

O-O „ 

No sclerotia germinated- 

Formalin ... . j 

Many germinated after (3 days. 

<'■25 „ 


<bl2 „ 

All germinated after 2 days. 


ddie ntimbei' of sclerotia used in eacli ease w'as about 50. ].n the controls 

with untreated sclerotia all the sclerotia germinated in two days. Solutions 
of copptir sul})luite |)roved unreliable as a fungicide in the case of li. destruens, 
and sclerotia which had been immersed for 2 hours in 0, 2-5, T25 and 0'5% 
copper sulphate all germinated in from 24 to 48 hours. The failure of the 
co|)])(:vr sulphate may have been duo to the inability of this solution to pene- 
trate to the intei'ior of the sclerotiiim ; accordingly, the experiment was repeated 
with the difference that the vessels containing sclerotia immersed in solutions 
of copper sulphate were placed under an air pump, at the same time of 
course a conti'o! was carried out under normal atmospheric pressure. Under 
reduced pressure 5, 2-5, 1‘2% copper sulphate prevented the germination of 
ilu;. sclerotia, but 0-.5% was not strong enough, and, in this case, germination 
tonlv place. In the c(»utrols under iwrnuil- atuiosphcric pinssiirc germiiiatioii 
place after Ircalnnmt wiihU'5 ujid i‘25% but not afterUreutmciit with 
1.1 or 2'b% This result differed from that obtained in the first experiment, in 
which even tint sclmotiu which had been immersed in 5% CuSo., germinated, 

* llu'iscll iV I’l'llivlii'idyc. Juum. .lUjanl, Atjric,-, Jjoiidon, XS'llf, p. sO!), 

.MiUin. II. II.. dos'.ii. N, Y., & KfinitUar, M. V. Jiab system of rice cultivation in 
WcHtcru India.’’ i/c/;o Dtpt. A<jric-, India, V/umiml aeries, Vol. II, No. ‘d, IVb. 11)12. 
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but tlie lelatively greater efficiency of tlie copper sulphate in the seconci 
exyterhuent was probably due to the fact that the sclerotia used were .I'a^Uiei' 
}’ounger and possibly did not possess such a well developed outer irroti'ctive. 
layer. 


Strenstli 

of 

tJopper Siilph. 

01(1 sclen tia 
Nonaal atmospheric 
pressm-e 

Younp’ sclerotia 
Normal atmospheric 
pre,ssine 

Yonns scloi'otia 
Oncler vacuuni 

o-O % 

Uerminatccl in 48 hours 

No germination 

No germination 

2*5 ,, 

1-2 „ 

,, ,,24 boms 

Germination in 

48 hoiii a. 

” " 

()-5 „ 


” 

Very slight gei iniiia- 
tion. 


It is evident from these experiments that copper siilpliate io streiiyilis 
IjcIow 5% can hardly be considered a reliable fungicide against R. dr.strvo'/cs' 
and on the whole treatment with a solution of corrosive sufdimate is [.rroba bl}' 
the most efficient method of killing sucli sclerotia as may adliere to a |)ot,ato 
tuber or suran conn. It .should always be remembered that treatment with 
a fungicide is intended as an a.ssistauce to, and not as a substitute for, hygienic 
methods in storing. 

This result agrees with the couelusions of A inerican investigators who 
have done extensive field experiments on the treatment of pota.to f/ubeis 
againt Rhizocloma disease. Rolfsi found that the corrosive sublinuite trea,t- 
ment improved the appearance of the crop and gave marked gains when tlu; 
treated seed was planted on new lands, proving much more efficient than 
treatment with formalin. The work of Gus.sow“ and of McAlpinu^ also 
bore out this conclusion, while Gloyer‘ has found that ueitlnu' formuldehydt 
gas nor formaldehyde solution can be depended upon to kill Rhizovlonia sclero- 
tia, but that treatment with 1-2000 solution of corrosive sublimate is an effiei(‘iil 
fuiigicide against Rliizoclonia : with formaldehyde gas accoj-ding io Gloyor 
there even appears to be some danger of injuring the potatoes. On the otlier 
liaiid other investigators'’ recommend the formalin treatment or a lime sul- 
phur wash as a fungicide against the “dry rot” of Irish potatoes which is due to 
Ihmtriam tuberkorum. It is unfortunate that these workers did not make a 

1 llolfs, F. Al. loc. ail. 

2 Clnssow H. T. Canada Expt- Farm Iteforts, 1912, p. 200. 

3 McAlpine, I). Fungus Diseases oj Potato in Australia, 1911. 

i Cllo.u-r, W. 0. York Agric. Ex ft Sta. BtiU. 3(>9, 370, 1913. 

^ E. Wilcox, 0. Link & Venus W, Pool. " Dry Bot of Irish potato.” Ijull. J Agric. Exd. 
Btu. Nebraska, 1913. 
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it'ial of ('.oiTosive .sui)]iriialo. as it would be a great advantage to obtain a 
nu'tliod of treatment which would be equally efficient against both Fman'iwi 
and Rhizoclonid . In this connection we must note that yet another fungi- 
cide is recommended by Sherbakolf ‘ in the treatment of potato scab, 
SIi.erl)akoil' states that mixing sulphur with the soil, at the rate of 450 — 900 lbs. 
per acre, has a marked effect in checking this disease but it is by no means 
certain that the after effects of the sulphur on the fertility of the soil are not 
more to be dreaded than the loss due to any disease. On the other band, a 
seed dressing of iiapthalene® appears to be an efficient and harmless rrunedy 
against sore shin in cotton. 

There is an apparent discrepancy in the above account between five 
results of tlvose investigators (Johnson), who found formalin an effective soil 
fnngicich^ and those {'Rolfs, Gussow, Gloyer) who found that it was not so 
efficient as a disinfectant for potato tubers. Tt is necessary to bear in mind 
that Johnson worlced with a solution of 1 pt. formalin in 50 pts. water and 
that Rolfs and Gh'tyor used a solution of I pt. formalin in 240 pts. water. 
Our experiments luive shown that foimalin solution of a strength below 0-5% 
cannot be trusted to kill sclerotia of R. desf ruens but that corrosive sublimate 
in strengths of I pt. in 1000 pts. water is a reliable fungicide. In recom- 
mending mei'curic cliloride as a disinfectant for potato tubers before storing 
it is necessary to bear in mind that potatoes so treated cannot be safely used 
fo;i.' Iniraan consumpti<)Ji and the ti-eatmeut is thei'efore only suitable in the 
case of tubers which are intended for seed purposes. Gussow and Shiitt'* 
have shown that J lbs. of potato tubers (13 tubers) treated for 3 liours 
witli 1-2000 corrosive sublimate solution will take up from the solution 0'05 
gm. of mercuric bichloride, which is six times the maximum official dose 
in medicine; potatoes which have been so treated must therefore be regarded 
as non-edible. The very material reduction in strength of the solution 
shows that the solution must be renewed fairly often, it is possible that the 
neglect of this preeaiition accounts for the supposed failure of corrosive 
sublimate to prevent the reappearance of disease in certain cases. 

Systematic: 

In the case of a genus such as RhizoctmiuL which is identified by its vege- 
tative characters, it is always possible that we are dealing with an artificial 
group of which, the different species are vegetative stages of widely separate 

1 Shoi'tfikofl':, C. D. Cornett Unw- Acjnc. Expt. 8ta. Bull. 350, 1014. 

2 Ball‘d. W. Ti. "Physiology of simple parasite.” Imr-hooh Khed, Aorie. Soc., l{)05-()(), 

r, Clij.s.sow, H, T. Canada Expt. Farm Reports, 1912, pp. 200 — %. 
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liitiiii jukI ill wliifk iJio moi']),li(ilo<iical siuiilai'ilicM bcfAveen Uu' ,sj)tu<s 'Gt. 
!if.-ei'lrn('Lil ; tin* study of R- Napi appeans to hiriiisli. an cxaiupU' ol 

A flisi*nsc of i>0v/.s-.s'/a/ was discovered by lOraiik' in 1870 wlucii, lu ifs 
(‘iTcfls upon the liost pln.iit. appears to be indistinguisbable from ilud wliich 
wo have attributed to R. Napi West. The fungus consisted of a dense whiti* 
inyeeliiuu with large black selerotia which, in sectioin showed a. white lutenor 
sinrouiuled by a black outer layer ; the spore form was the well-known ./k)/r.(///.s 
riNcrrti Ih'ts. ('omparing the description of the selerotia of R. iVo/u West 
with tin* selerotia of K rank’s fungus one is forced to the conelusion that the 
two fungi tin.* same and that they are ideiitical with the fnngns <iesmib(*d 
in this paiier. It follows from this that the spore form which we obtained 
is Rofrijlis ciaemi Pi'rs. and the criticism will at once arise that this lonn 
(PI. V. figs. '1, 4) dilTers widely from that which normally occurs in tin* sj)(*cies. 
It has. hoAvever. been shown that the morphology of B. (‘wcmi is closely depen- 
dent on the composition of the nutrient Jiiedium- and a variation oi tin 
normal form is known (Beauverie et Guilliermond , p. ’dcyi, fig. fi) whieh agrees 
exactly with that figured on Plate V of this paper. Additional ])roof is Im- 
nished by the fact that another variation from the normal form of Boinjfts, 
ill Avhich the swollen ends of hyphge branch in an umbellate manner (shown 
in Fig. 1 Beauverie et Guilliermond) is also common in our cultures. I he 
normal method of branching which occurs in the hyphse figured in tkis 
illustration (Fig. 1 , Beauverie et Guilliermond) is almost typical ot Rkizodonui, 
Frank states that the selerotia of Botrylis dnereu will germinate in dam]) 
sand and give rise to the apothecia of Sclerotinui Lihefiwna buck. , up tc the 
present selerotia of our fungus haA'^e not produced any apothecia. SmillP 
throws doubt on the connection between B. cinerea and S. Lihmiimiahui 
Istvaiiffi. appears to have obtained .satisfactory evidence that they are diflereni' 
sta-ges of the same fiingns. 

There is a large and convincing body of evidence (Rolls, Gus.soav, feliaw) 
which, shows that the fertile stage of at least one species of Rlmoctonia \b a 
basidiniuycete of the genus Corticivm; from the present paper, however, it 
appears that It. Napi has its fertile stage in a totally differeiit group and that 
its inclusion in the genus is an error. In brief this species furnishes an in.stance 
of the fact that the genus Rhizocionia, as constituted on purely vegeiative 

1 Frank, A. B. — Kampfliich "('"cn din Hckiidlingo unserer FeldlVnohte. Bnrlin, l.silT, 
p. dTli. _ _ 

■2 Bfanvci'ip, .T. nt', (Jiiiiliermijiul, A. — Etude sur k; .stx’nctnre dn rMlriJliK cmv.Ti'fi > 
QenlriilhL BuJet. Pamait. InfeHionskrank, Vol. X, 1903. 

S (Smith, U. E. Nc/iw/xH-w. /iot. Jiiuo, 1000. 

„ „ Pamsifcism of JSofryits' />oi. dune, 1002. 
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cluxi'iHU.ci's, is all lu'lilicia! group. It will probably be better to limit tlic use • 
ol ilu' mnne to tliC! sclerotial stages of those fungi with a perfect stage jii the 
gmnis ( 

The tioiut iu which we ditfer widely from other workers on this genus is 
ill the taihlity witji which tliey have assumed that the TUiizoelonia on po(-,ato 
is always to he idi'iititied with U. Solani Kiilm. The practice of multiplying 
the species of a genus according to the number of hosts on which it is parasitic 
has been responsible, in some genera, for a great deal of unnecessary complexity, 
but the converse process whereby different species of a genus, all parasitic 
on the same host, are referred to under a single specific name, derived from 
the host, is equally confusing. The naming of a species after the host 
filant on which it is parasitic (e.g. li. Solani on Solcmum taheroswm) is apt to 
give 1 ‘isc to an attitude of mind which automatically refers that genus, when 
})ara,Bitic <m that particular host, always to the one species. In a previous 
publication we have given reasons for believing that the fungus It. Solani 
Kiilm is identical with the form of Rhizoctonia, having small black sclerotia, 
resembling perithecia (PI. VI, fig. 2), and is distinct from the species with 
Urge brownish sclerotia which has a fertile stage in the genus OoHicimn. 
R. destruens 'ifass. is also a distinct and separate species, its parasitism on the 
potato and on lucerne Ireing merely one phase of iffs activities, while R. Napi, 
with its spore form, is a totally different organism. 

The species of Rhizoctonia, which are known in India are therefore as 
follows : — 

(1) R. Napi West. Sclerotia large irregular bodies about 3-12 mm. 

broad, bhick on outside, fiesb coloured on interior. This species 
should bt^ removed from the genus Rhizoctonia, as it appears to 
be merely a synonym for Botrytis. 

(2) R. destruens Tass. Sclerotia roughly spherical about 1-2 mm. in 

diameter, brown on outside, white within. 

(3) R. Solani Kiihu. Sclerotia small black bodies resembling perithecia 

of an ascomycete. R. Medicaginis D. CV is almost certainly 
the sumo fungus. 

(I.) Rhizor/oiii<( sp. This form has Cortiemm, vagimi as its perfect stage, 
its parasitism in India has been described in a previous com- 
munication.* The sclerotia are irregular structures 2-5 mm. 
i n d iameters dark brown colour both on exterior and within (cf . — R. 
destruens), the mycelium when old becomes of a reddish brown 


' Shaw, F. J. F. loc. cit- 
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eolour. This last form, which in India is parasiti<' uin.ii ^round- 
mit and cowpea, and which bears the very clcst'sl. irs.nnbhinn' 
to the Hijpoehms de&cr\hed by Btevens and Hall' as parasita- 
npon quince, appears to be that which Eolls, Hilssow, ,Pe11i\- 
hridge Miave identified vfddi R. SoJatvi Kiihn ; we have given 
reasLs elsewhere for differing from this identification and imh'ed 
suggested that it might be R. dftsfrwmsTass now 

obviously incorrect. 

Tlie following is a list of the principal host plants of Rli lzodoma in India; : - 


R. Sola h i Iviiliu. 

R dcsfraeih^i R. Napi Wm Carticiinii vagnm 

n. A c. 

on 

on 

on on 

Allfhicar'fjas 

Jrcc/o'.v hypogaca 

Amaranthus tmtis Arachis hypftgaca 

Ai'iicJiih hiipof/aea 

d marphophallax 

Argemone me'Mcava SoJavina lahi'rosaih 

canipaivdatus 
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AoRreuLTURAn Research Institute, Pusa, 
March, 1915. 


1 Stevens ami Hall. '‘Hypocbnosoof Pomaeeous Fruits.’ 
?- Rolfs, Giissow, Petliybridce. he. cit. 
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DESCRIPTION OP PLATES. 


Plate I. 

Fig. 1. Gh-am plants infected with R. Nupi West. Tlie infected portion of the 
plant is light in colour, a growth of mycelium is visible on portions of 
pods and stem, marked ‘‘ a 

sj 2. Mustard plants infected with R. Napi West. One plant has collapsed, 
the white fluffy growth of mycelium on .stems and leaves is cleaiiy 
visible. Infected portions, marked “ a " show white mycelium. 


1'late It. 

Fig, 1. Ckmnabis salmi infected with R. Napi West., infected ]mrtion marked 
” shows white mycelium. 

,j 2. Section of sclerotium of R. Napi West. 

„ 3, I’lnj same sliowing the outer- layer of thick-walled Idackish cells. 


Pl.ATK 11 1 . 

Fig, 1. DGlphimmn infected with R. destraens Tass. Tlie plant on tlwi right ha,s 
collapsed at point of infection : tho manner in which the mycelium 
forms wliite strands both on the soil a,ud on the plants is cleai.-ly shown 
in tliis and the next plmto. It is indicated by letter a 
,, 2. Piper ?>«(?//« inlected with /?. dc.s-/rm/.s- Tass. Note tlie mycelium (‘‘a*') 
and sclerotia spreading on the soil. 


Plate IV. 

Fig. 1. Cornis of suran infecded with R. destruens Tass. — White gi-owth of fungus 
{“ a ”) is easiL visible, 

„ 2. Potato tuber covered witli growth of R. destruens Tass. 

„ 3. Potato stem covered witli, gi-owth. of R. destruens. Sclerotia are very 
numerous in both these photo.s of diseased potato. 


THE GENUS ItHlZOOTONIA IN INDIA 


Plate V. 

1. .Hyplia. <):t' It Najd Wust. x ].()()(’t. 

•2. Fettiiii liypliii, with .spol'tis /{. NapL x 250. 

?>. (5)mdio{)h<3r('. and conidia-- /i!. NajrL x 1000. 

■I. !i\nl:iln iiyplia in ori-ani.<'. fonnection wii.h Jiyplia. of R. Ndpi West, x 
5. Sec-tiou stoin of Delphinium infected with E. fleslruenii Tass, x 375. 

:PL.iTE VL 

]. Culture of R. dedniens Tass. from betel vine. 

2. „ „ li2 Kulm from potato. 

3. 5 , „ R. Napl West from mustard. 

4. 5 , ,, Sederotial stage of Corlwmm, vayum B. & 0. from cowpea. 
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PREFACE. 


The following investigations were carried out wliilst I was Botanist to 
tlie Bihar Planters’ Association at Sirsiali Research Station. When this 
station was closed down in May, 1913, I hoped that I might be able to 
continue this work but this is found now to be very improbable. Since 
flefinite information on certain points has been obtained, the publication of 
the results may be of value in view ol: the fact that very little is known 
of the biology of indican in particular and glucosides in general. 

I wish to take this opportunity of thanking Mr. Bergtheil, late Director 
of the Sirsiah Research Station, for the help and advice that he gave me 
throughout the work. I wish to thank also Mr. Harrison, Government 
Agricultural Chemist, for allowing me to finish off several experiments in his 
laboratory at Coimbatore. 


COIMBATOKE, 


F. H, PARNELL. 


S(h Mareli, 1915, 



EXPERIMENTS ON THE PHYSIOLOGY OF 
INDIGO- YIELDING GLUOOSIDES. 


If. E. PAENBLL, B.A.. 

Government Economic Botanist, Madras. 

Indig 0-YiELDiNG Glucosides, 

Occurrence. 

An indigo-yielding glucoside occurs in a number of plants representing 
widely separated natural orders and including trees, woody shrubs, small 
herbaceous plants and epiphytic orchids. As far as can be seen these plants 
do not possess in common any special character from which one can ju ge e 
biological significance of the glucoside. 

Localization, macroscopic . 

The localization of the glucoside in the plant is found to vary consideiably 
in different species. Leake' eKaiuined a number of species in detail and sum- 
marized previous work, mainly of Molisch and Beijerinck on 

In Polygonum tvmlormm, Ait., the glucoside is confined to the leaf lam na. 

''"’in'l“l it is practically confined to the leaf and youngest parts 
of the sremtiough a small amount, varying in the different species, occurs 

in some of the reproductive organs, Leake.‘ 

In Loiis L., Molisch* and Beijerinck* have shown it to occur 

in narts of the young toots in addition to the aerial vegetative organs. 

" Tn^^i spji. and spp. Molisch^ finds it in the flower and 

roots in addition to the aerial vegetative organs. _ 

WrigUio. tinaoria, Br., is described by Eoxburgh‘ as contammg indigo 
in the leaf. In the course of the present work it was found also m the serf 
in considerable quantity, in the young roots throughout and in the outer 
cortex of the old roots. It is absent from the laticiferous vessels. 

. Lcke. H. M. Anna, of Botany, Vol. XIX, No. LXXIV April, ^ ^ 

IMoMi, H. Sitd,. dor Kais. Akai. d. Iffe. in «'«»•’ S'*- ^ 

3Beijormok,M. W. P, oc K. Akad. WetonA Bd. II, 1900, P- 

f Roxburgh, W. Flora indica, 1874, p.__686. 
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^YngUm (omentosa, E,.. &S.5 was found to contain non o inlho aerial orj^ans 
bnt considerable quantities in tlie seed and roots as in Wrigliha tnictond. 

Tims tlie localization of tire glncoside intlie plant is not snggcst'ivc ol uii V' 
special function common to all the plants in Ydiicli it occurs ; on t he other 
hand, the important differences shown rather raise doubts as to the CNiatence (»j 
a common function. 

LocaUzation, microscope. 

With regard to the localization inside the cell Moli-scb’ considers tlnd 
some special relation exists hetween the indican and chloropinsts and seebs 
to prove thi.s by showing that, when the leaf is treated with the vap<.)ur of 
alcohol or ammonia, indigotin is deposited in the cell in close contact with the 
chloroplasts. Leake ® shows that this is not the case when an acid persulphat<" 
fixing solution is used, Leake’s solution is capable of depositing indigotin 
wherever it comes into contact with indican. In Molisch’s method partial 
asphyxiation allows the indican and enzyme to interact with production of 
indoxyl and glucose, the former then being oxidized to indigotin either spon- 
taneously by oxygen in solution in the cell-sap or throngh the agency of an 
enzyme. On examination it was found that an oxidase or peroxidase, or ))ot li, 
occurs in the glucosid e-bearing parts of all the plants examined, rk. : — I. 
arrecta, L sumatmm^ IF. iinctorm, W, tomentosa, Crotalaria incana and Fhajus 
sp. It is obvious that if oxidation is brought about by tliis enzjune tlie indigo ■ 
tin will be deposited in close contact with the enzyme irrespective ol: wliere 
the original indican was localized. Even if no enzyme is concerned in the. oxi- 
dation, the localization of the gluco.side splitting enzyme and any possllile 
variation in oxygen concentration in different parts of tlie cell would large!}’' 
control the point of deposition of indigotin. Molisch's results tlierefore canivof 
be accepted as demonstrating any connection between the glucosidi^ and 
chloroplasts. 

Nature of Qhcoside. 

Schiinck ® was the first to show that the indigo-producing substanci'. of 
Isatis iinctoria and Polygonum iinctorimn is of the nature of a glucoside, which 
he named indican, capable of yielding indigotin and a .sugar on Inalrolysis. 

Hazewinkel 'h showed that indican obtained from Imligofcra lepMirhyu 
i~L arrecta, Hochst.) is a compound of indoxyl and dextrose. 'Fhis was 
confirmed by Perkin and Bloxam*’' who prepared large quantities of pun* 

1 Moliiich, H. Btr. d. Dadsch. Bot. Gmll Bd. XVII, ISOe, p. 2:i8. 

2 Leake, H. M. Amiah of Botany, Vol. XIX, No. LXXTV, Apvil— 1905, p. 2!)7 

3 Schundj, E. Phil. 2In,j. (.1) Vol. X, ISilo, p. 74, and Vol. XV, IS.'IS, p. 127. 

‘Tlazewinlccl, .1. J. Proc. K. Ahid. Wvlrnsch. Amsfmlam, Bd. IT, lOOO, p. .M2. 

6 Perkin, A. G., and Bloxain, W. P. Jl, Ohm. Soo. Tmns. Vol. XCI, 1907, p. 171C5, 
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iudican and made a careful study of its* properties. They also showed that 
the glucoside of I. sumatmm, Gaert., is identical with that from 7. antda. 

Beijerluek ^ showed that the glucoside of Isalis linctoria differs from 
indicaii in that it is decomposed by even feebly alkaline solutions whereas 
iudican is stable in concentrated alkaline solutions. 

In the course of the present work it was noticed that the glucoside of 
\\ fight ia findona was hydrolised by acid more slowly than was indicaii from 
7. arreda under similar conditions. A rough experiment designed to prove 
this quantitatively was carried out and the results are given in Table I. In 
each case to 250 c.c. of plant extract at 31°C was added 3 c.c. of strong 
hydrochloric acid and 3 c.c. of 10 per cent, ammonium persulphate solution 
After definite times the indigo precipitated was filtered ofi and estimated with 
standard permanganate solution. 


Table I. 

Acid Hgdfohjsis of Glucosides of I. arrecta andW. tinctorla. 


time 

iNDICOTIN PRODUCED 

= Permanganate c.c. 



Percent Hydrolised 

- 

Indigo 

Wrightia 

Indigo 

Wrightia 

i hour ... ... ... 

3*85 

3*10 

67 '5 

36*2 

do. 

3-85 

lost 

67-5 


1 hour ... ... 

4*3 

3*75 

73’5 

m 

do. 

4-3 

385 

75*5 

44-3 

■11 hourss ... ... ... 

6*7 j 

8*7 

loo 

100 

do. 

5-7 i 

8 '65 

100 

100 


A better idea of the comparative rates of hydrolysis would have been 
obtained if the plant extracts had been more nearly of equal content, yet 
the re, suits undoubtedly .show that the Indigofera gluco.side is more readily 
hydrolised by acid than is that of Wrightia. 

A more careful experiment for comparing the action of the respective 
enzymes was carried out with the result .shown in Table II. Here the extracts 
were made approximately of equal content after a preliminary estimation. 
In each case the enzyme powder was made by extracting the fresh leaf w4th 
alcohol of about 90 per cent, till yellowish, drying, grinding, and passing 
through a fine gauze .sieve. Jt may be noted here that Wrightia enzyme 
will stand much less alcohol treatment than that of Indigofera > and it is 
necessary to get the whole extraction done in about one hour for the 
powder to be very active. 7. sumatrana was used in this experiment. 

* BcijmiK’Av, M. W. Vror. K- Ahid. Wi:te)isrti. Bd- ID, 1900, p. 101. 
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In each case 100 c.c. of plant extract was used, to ihis waw added live 
drops of chloroform. 0%5 gm. erwyme or 0-75 gin. enzymt'. 

and the whole put on a shaking machine for the time sta,i.e<l. To slop the 
action 10 c.c. of strong ammonia was added ami the whole, slmken with air 
for some time to oxidize any indoxyl jwesent. After boiling and liliej-ing ihe. 
remaining ghicoside "was estimated by tlnj indhubin jnethod. 


Table 11, 


Interaction of Enzymes and Gliicosides of 1. sumatrana and W. tinctoria. 


No. 

Enzyme 

Time 

Pbk cent. 

iiriniOLlSBO 1 

Indigo 

Extract 

liK. MARKS 

Wrightia 

Extract 

1 

Indigo 

4 hr.s. 

83-0 

34-1 1 

2 

do. 

do. 

74-6 

37-'l 





; Shaken togctlmi*. 

51 

do. 

16 hxvs. 

lOO't) 

34*1 

i 

do 

do. 

IOU‘0 

•29*0 j 

5 

Wrightia 

4 his. 

33’9 

S6'9 "I 

6 

do. 

do. 

38’1 

83*0 





y do. 

7 

do. 

16 hfs. 

67-0 

1()()*0 

8 

do. 

do. 

72-0 

lOO'O J 


N. B. — ^Relative concentrations of extract : Indigofera 1.18, WrigMia 107. 

It will be seen from the Table that huUgofera enzyme acts much, more 
strongly on /nf7iif/q/em extract than on W rightla nwd vice verstl. There is not 
the least doubt that both the ghicosidcs and enzymes, although veuy similar, 
are not identical. 

Physiological Cons i delations. 

Wrightia Seed and Seedlings. 

Both IP. tinctoria and IF. fomentosa, as noted above, contain an indigo- 
producing ghicoside in the seed. The following experiments iverc designc'd 
to show w^hat effect germination and grow'th would have on the fniantity (d 
ghicoside present. 

The seeds are large and easy to handle, IF. iinctona b(u’iig about the siz(^ 
and shape of an oat grain, W. tomentosa being rather smaller. An <*\ on batch 
of good sound seed was picked out and sown in ivell wa,slie<l nitrogen-i'ive 
sand in porcelain pots. These were watered throughout with nili'ogcn -iVcc 
distilled water and lots were taken for analysis at intervals tluroiighout; 
germination and grow’th. 
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It was found impossible to get full germination so that the actual weight 
of seed giving each lot of plants could not be determined. For this reason 
the results are expressed in terms of numbers of seedlings. Equal numbers 
do not represent absolutely equal weights of seed and to estimate the experi™ 
mental error thus involved weighments were made of several random lots 
of seed from each batch, in number the same as the lots of plants analysed. 
These are given at the foot of each table. 

In all cases the glucoside was estimated by extraction with boiling water? 
and precipitation of indirubin by boiling with hydrochloric acid and isatin 
in an atmosphere of carbon dioxide. In Tables III and V the indirubin was 
measured tintometrically in alcoholic solution ; in Table IV it was weighed. 


Table III. 

Wrightia tinctoria Seed germinated and grown on distilled loater. 


No. 

Number 

seedlings 

Age 

in 

days 

Indirubin 
per 16 1 

plants 

Average 

relative 

amounts 

Remakks 

1 a 
b 

16 

do. 

2 

do. 

0-0097 \ 
0-0093 f 

1 

Seed germinating, radicle l"~- i" 
long. 

2 a 

3 a 
b 

do. 

do. 

do. 

4 

7 

do. 

0-0123 

0-0143 1 
0 0139 f 

1-30 

1-48 

Radicle with root hairs, cotyle- 
dons about to open. 

Cotyledons well open, 

4 a 

do. 

11 

0-0161 

1*70 

Plumule elongated. 

5a 

b 

do. 

do. 

15 

do. 

00175 1 
0-0180 f 

1-87 

1st. pr. real leaves. 

6 a 
b 

do. 

do. 

25 

do. 

0-0233 \ 
0-0252 f 

2-65 

j 2nd. do. 

7a 

b 

do. 

do. 

.38 

do. 

0-0269 1 
0-0292 f 

2-95 

3rd. do. 

S a 
b 

16 

8 

63 

do. 

0-0-260 \ 
0-0-25-2 f 

2-70 

4th. do. 

Slightly yellowish. 

9 a 
b 

10 

do. 

77 

do. 

0-0177 8 
0-3153 / 

1-74 

do. very yellow, nitrogen 
starved. 

10 a 
b 

do. 

do. 

99 

do. 

0-0248 1 
0-02-28 / 

2-50 

Nitrate solution added after 
No. 9 analysed and plants 
healthy looking again. 


Seed weight, 16 = 0-782, 0-905, 0-833, 0-750, Average 0-817, 


* Very careful extractiuii is necessary to ensure removal of all the glucoside from the seed. 
The procedure was to boil 3 — 4 mins., filter through fine linen, grind in mortar, boil and filter 
again squeezing the pulp in linen, boil and filter once more. The milhy extract w’as cleared 
by twice washing with ether and then boiling with a trace of ammonia and „ rdteriiig through 
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Table IT. 

Wriglitia tinctoria Sed (icrmimid fjmm ondislilld wafer. 


NuraLer 

seedlings 


Ala 

L 

„ 2 a i 

b 

,, ;i a 
b 

„ 4 a 
b 


B1 a 
b 

II 12 a 
b 

,1 3 a 
b 


lUO 

do. 

do, 

do. 

do. 

do. 

112 

do. 


iOU 

do. 

102 

do. 

77 

do, 


Age 

in 

days 


mu 

do. 

4 

do. 

8 

do. 

12 

do. 


mi. 

do. 

‘>2 

do. 

31 

do. 


Weight ! 
when i 

1 analysed | 

Indirubin 

pet 

100 

i 4'35 ! 

0*063 

! 4*05 1 

0-061 

1 H-23 

0-0685 

8-6.5 

0*079 

! 10-65 

0*079 , 

1 10-63 

0*0306 

1 30*30 

0-093 

! 32*70 

0*095 f 

1 

i 4*41 

; 0*071 1 

4*18 

0’«74 f 

37*00 

0*094 1 

40*60 

0*0905 f 

42 00 

! 0*184 1 

•12*50 

j 0*187 f 


Average 

relative 

amounts 


1 

1'19 

1M1 


' Dry seed. 

Germinated, 
elc .V''. 

Radicle _ 1 
root bair.s. 

Gotyledons 

open. 


radi- 

witb 

well 


1 : Dry HOod. 

1-27 ! Isf;. pr. real 1 

2‘ri(i ! 3rd. do. 

i 


Seed weight A 650 =27’62, Average 100= I’25. 

B 100 =1'39, AGd, 4-51, 4-05, Average 
•V.B.""' A and B repre.sent seed from different sonrees. 

Table V. 

Wriglitia toineiitosa ami grown ou iHsfMUil uatei. 


# m 






1 Number 

1 seedlings 

1 

Age ! 
in 

days 

Indirubin 
per 16 
plants 

Average ! 

relative 

amounts 


16 

Nil. 

0*001061 

! 

1 


do. 

do 

0*00438 J 


.2al 

do. 

•2 

0*03150 1 

1*02 

b i 

do. 

do 

0-004loj 


3 a ! 


10 

1 0*00370 \ 

0'92 

b 1 

do. 

do. 

0-004051 



do. 

23 ^ 

0*00483 1 

! I'lo 

;,b| 

do, 

do. 

1 0*00447 J 

i 

5 a { 

do- 

35 

i 0*00439 1 

1*13 

■ bJ 

do. 

do. 

j 0*00.5171 


..G a j 

do. 

47 

0 -00392 

1 0*93 


llKMAHlvS 


# m 


! 

i Dry .seetl. 

' Germinating, radiule .1' long 
: Ootyledoim well op jn. 

Lst. pr. real leaves. 


f 

# ^ 


2nd. 

3rd. 


do- 

do. 


Seed wciglit, i6 = 0*381, 0-387, 0-114, 0-382, .Average = 0-391, 
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It wiil be seen from Table III that in IT. tinctorm the amount of gliicoside 
increases as the seedling develops until a maximum is reached in No. 7 at 38 
days. After this the seedlings stop growing, begin to get yellow and show 
o])vious signs of nitrogen starvation and the amount decreases. Nitrate 
solution was supplied to the seedlings at this stage and they rapidl}" recovered 
and the glucoside content increased. Table IV confirms these results 
on a larger scale, so far as the gradual increase of glucovside is concerned, 
but was not carried far enough to show the ultimate decrease. It appears 
that in the ordinary course of germination the glucoside of the seed does not 
act as a nitrogenous reserve for use in building up new tissue but actually 
increases at the expense of other nitrogenous matter. When, however, nitro- 
gen starvation begins to be felt the glucoside begins to disappear, apparently 
being drawn on as a source of nitrogen. It is obviously not very readily 
available for this purpose, however, since Nos. 9 (a) and (6) of Table HI were 
almost on the point of death from lack of nitrogen and yet contained a, good 
deal of glucoside. It may be noted here that the gliico.side nitrogen represents 
only slightly more than 1 per cent, of the total nitrogen of the seed. 

Table V shows the very different behaviour of IT. to'iHenlosa under similar 
conditions. It is evident that the amount of glucoside remains fairly constant 
for the period shown. There is no large increase comparable with that of 
IT. f/metoria. This is no doubt connected with the fact that in IT. iomenlosa 
the glucoside is confined to the root system whereas in IT, ilnctoria it is puesent 
also in the leaf and young stem. The meaning of these differences is not clear 
on the. supposition that the function of the glucoside is the same for both 
species. 

Owing to lack of seed the experiment could not be repeated on a laiger 
scale and stages showing nitrogen starvation could not be included. 

Conmm/ption of Glucoside by Bemlopiny Cuttings. 

Polygonum linctoriim and Stfohilanthes flaccidifoUus were chosen as indigo- 
yielding plants which, very readily strike root when parts of the shoot are 
placed in w’ater. It w'as possible, by making duplicate lots of cuttings, analysing 
one immediately and the other after growth for some time on nitrogen-free 
water, to detect any consumption of glucoside taking place under these condi- 
tions. Guttings of various sorts were tried in this manner, e.g., growing points 
with a few leaves, axillary shoots with node of origin Avitli and without sub- 
teuding leaf, single leaves with node of origin and axillary bud, etc. In all 
cases a number of similar cuttings was made and divided into two lots a and b 
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by taking pairs as jieaiiy alike as possible ; « was aualys(^(l OiiPotly, h sl.ruc.k 
■and analysed after growing for some time on niti*ogeu-l’re<‘, distillial \vat<n‘. 
The cuttings rooted freely and showed considerable incipasii in winglit. 

Tables VI and VII give the i.'esnlts obtained a,nd sliow in I'veiy c-ase, a. 
reduction in the amount of glucoside after growth. 



Table VI. 


Polygonum tiiictorium Cutiimjs. 


No. 

No. of 
cut- 
tings 

Original 

weight 

Days 

on 

water 

Final 

weight 

Per cent 
wt. in- 
(ji-ease 

Indigotin 

percentage 

Pet* cent, 
diffce. 

ilemarlis 

1 a 

39 

7-30 




0-256 


Axillary shoots 








-.59 

with node of 

b 

37 

7 -00 

22 

12-65 

80-9 

0-104 

1 

origin. 

■2 a 

36 

8*15 




0-324 

1-77 

do. 

b 

35 

7-74 

■20 

13-67 

76-4 

0-075 

i 


3 a 

' 

7-65 




0"2G6 

1-0-7 

do. 

b 

25 

7-21 

■22 

12-0 

66-4 

0-264 

.( 


4 a 

22 

10-20 




0-310 

) 










do. 

b 

22 

10 -eo 

-2-2 

18-4 

73-8 

0-069 

f 

5 a 

38 

11-22 




0-459 










V-14 



28 

8-22 

10 

12-05 

47 

0-395 

/ , 










VSame batch. 

'6 a 

36 

15-10 




()-3()7 










[>-13 

J 

b 

34 

15-40 

10 

20-67 

34 

0-267 

/ 


7 a 

50 

10-87 




0-.3.36 

1 .VpT, 


b 

47 

9-90 

24 

16-2 

64 

0-257 



8 a 

30 

l()-82 





0-36-2 



b 

27 

9-30 

■ 24 

15-4 

66 

0-264 

)-27 

■ Same batch. 

9 a 

IS 

10-80 




0-270 1 



b 

17 

9-90 

18 

15-6 

58 

0-245 

|~9-3 

J 


N.B.-l-i by indigotin method, 

5-9 by indirubin method, 

both calculated as indigotin % of original caittings. 



# % 
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Table VII. 


Strobilaiithes flaccidifolius Guttings. 


No. 

No. of 
cut- 
tings 

Origi- 

nal 

weight, 

Days 

water 

Final 

weight 

Per cent 
wt. in- 
crea.se 

Indigotin 
per cent. 

Per cent, 
dilfce. 

Bemark-s 

1 a 

12 

20‘4 




0-890 

1 -6-2 

Axillary shoot with 

b 

12 

19-5 


2'?9 

17-5 

0-835 

r 

half node. 

2 a 

26 

.32-7 




0-87 

i -5-7 

Young axilly. shoot 

b 

25 

30-6 


38-5 

25-8 

0-82 


with subtg, leaf. 

3 a 

7 

6-0 




1-26 

1 -17-5 

Younger do. 

b 

7 

61 

30 

7-95 

30-4 

1-04 

f 


4 a 

6 

6-3 




1-42 

1 -34-5 

Stem apex with few 


6 

7-4 

58 

i 1D8 

59*5 

0-93 

IT 

young leaves. 


N.B . — Indirubin iiiethod, calculated as incligotiu % of original cuttings. 


There is very considerable variation in the amount of reduction sliown 
by different lots. In Table VI Nos. T— 4 were similar cuttings receiving 
the same treatment and giving a fairly uniform increase in weight ; with the 
exception of No. 3, which appears to have gone wrong in some way, the 
glucoside reduction is fairly uniform. Nos. 5 and 6 are similarly uniform ; 
of Nos. 7 — 9, No. 9, which is rather low, was composed of larger cuttings with 
a lower initial content and showed less increase in w^eight owing to its 
shorter period of growth. 

In Table VII the loss of glucoside varies with the increase in weight and 
initial content. Material was not available for determining the relative 
importance of the latter factor in its relation to the reduction of glucoside nor 
to see whether initial total nitrogen content was of importance in this respect. 

It is quite certain from the above results that cuttings containing the 
glucoside make use of it during their development when nitrogen is not 
supplied from outside. Analyses of the water on which the cuttings were 
grown showed no trace of glucoside so that there was no loss by diffusion 
through the stalks or roots. 

Relation between Glucoside Content of Leaf and Stage of Dmeloj)ment. 

Indigofera arrecta and Wrightia tinctoria have been examined in this 
connection and in both cases the glucoside is found throughout the whole 
development of the leaf from its rudimentary condition at the growing point 
to the fully mature state and even after leaf-fall. 
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Table VIII shows the quantitative variation for diilerent staj/es ol /• 
arreda. A and B represent two different plants; in series A the dnfdif.atvs 
a and b were chosen from the same parts of the plant and as m'arl y ahlce as 
possible. It will be seen that the actual amount of indioan per loallet, imarasi's 
thToughout with increase of size. The percentage, however, is not c(mstaiit 
since ""the content and weight do not increase proportionately. Se.rics B 
shows that during the very early stages of growth the pereentagt' inc*rcas(3S 
to a. maximum and then falls regularly to a minimum at maturity. Series A 
shows only the decrease since it does not include sufficiently early stages to 
show the initial rise. 

Table VIII. 


Indigofm'a arrecta devaUrpimj Leaf. 


No. 

Number of leaflets 
analysed 

Weight 100 
leaflets 

Fennang. N/lOO 
c.c. per 100 leaflets 

ludigofciu 

pui’eent;i,ge 

Ala 

121 

0'70 

8-9 

0-8S 1 

„ b 

111 

0-67 

8-6 

0-89 I 


117 

0-91 

10*9 

0-83 1 

„ b 

109 

0-87 

101 

0-8-2 f 


no 

1-35 

12-6 

()-()5 1 

„ b 

108 

1-23 

12-2 

0-09 J 

4 a 

115 

2-11 

19*5 

(r64 1 

b 

126 

2-16 

19 *3 

0-62 f 

Bp. 

393 

0-20 

31 

0-84 


273 

()'36 

4-5 

{>•80 

3 

278 

0-50 

6-6 

0-94 

4 

245 

0-71 

8-0 

0-80 

5 . 

209 

0-84 

9-0 

0-70 

6 

191 

112 

1019 

0-07 

7 

210 

1-54 


0-62 

8^ 

211 

1'89 

13-7 

0*51 


X-B - — ludigotiii prccipitatod, sulphonated and titrated with permanganate. 

Table IX shows similar relations for W . tinctoria mtlx the exception of 
the initial rise which possibly occurs at a stage earlier than is includiid. It 
might appear from Nos. 4 and 5 that some loss of glucoside from the, leaf 
occurs in the last stages. There is little doubt, however, that this does iioi; 
represent actual fact; No. 4 comprised leaves of a slightly latnr pi'ihal of 
growth than No. 5 and they w’oiild have hecoine (hstinctly larger than tlie 
latter at maturity since, for a time, as the growing season advance's, tln^ size 
of the mature leaf increases. Thus it is more than probable that No. 1 li'aves, 
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at tile tiegree of maturity represented by No. 5, would have been appreciably 
larger tlian tlie latter and the gliicoside content would ha,ve. ])een corre- 
spondingly greater. 

In the second half of Table IX, a represents a lot obtained by taking for 
analysis one leaf from each of a number of jDairs of just mature leaves, b com- 
prising the opposite leaves which were left on the plant for one month and 
then analysed. In each case the h's, at the time of analysis, were just beginning 
to shed, several leaves having actually fallen and the others falling at a touch. 
It is obvious that the glucoside content is imaltered hy the aging of a mature 
leaf, moreover there is no removal before leaf-fall. 

Table IX. 

Wrightia tinctoria developing LeaJ. 


1 

No. 1 

Number of 
leaves 
analy.sed 

Weight 

100 

leaves 

Indigotin j 

per 100 

leaves ! 

j 

Indigotin 

percentage 

1 

1 *231 

4’9 

0-0S74 i 

0'7(i 


1 100 

16-4 

0*109 

0*60 

3 

i SO 

67-0 

0-26S ! 

0*39 

4 

! H 

im 

0*5*21 

0*33 


i 16 

ITS 

o-sss 

0*22 

1 SI 

' ' 17 

172 

U‘37l 

0*21 i 

b 

j 10 

178 

0-377 

1 0-.21 f 

11 a 

17 

201 

0-388 

1 0*19 1 

b 

i 

207 

i 0*373 

1 

0*18 f 


]\rjj , — Intlinxbiii pi'ccipitatocl and calcvilaLod as iudigotiii content;. 

Table X shows exactly the same for I. arrodci . In. this case before sheddin g 
the leaf turns yellow ; h represents such yellow leaf shaken from the plant 
in the early morning, a represents mature green leaf from the same plant 
taken on the same day. The indican content is obviously the same for botli, 
showing that no withdrawal takes idace before leaf-fall. The total nitrogen 
content as given by Kjeldahl analysis shows that a very large proportion of 
other nitrogenous matter has been withdrawn. Similarly whilst the greeii leaf 
contained large cpiantities of starch there was none in the yellow. IMic fact 
tluit the indican remains intact, whilst all the starch and a huge piopoition, 
oi: the total nitrogenous matter arc removed before shedding, sugge.st.s iluit 
indican is ot little importance as a nutrient substance. 

Since this was xvritlen Muward aiwl Howard have .stated {Second Mpporl^ on ll>c ImiJiVir - 
mi ni of hulioo In B 'lhur, iiaae.s d ami 5) that indican acts as a reserve vhich is ntalwed bj tin 
plant at Hovering and tinu5. of .stiirvatiom lu view of the ivsnlts here piihlislnal tlie author 

is inmbln to aecH'pt these I'onehisionN. [IsU. 
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Table X. 


Indigofera a.UQcta. falling Leaf. 


.Xo. 

Leaf 

Indigotin 
per cent, 

Equal to Nitrogen 
per cent. 

Tota 1 N itrogen 
per cent. 

1 a 

Green 

0-45 



b 

Yellow 

0-48 



2 a 

Green 

0-44 

0-047 

0-97 

b 

Yellow 

0-47 

0*050 

0*<10 

3 a 

Green 

0-48 

0 051 

0*97 

b 

Yellow 


0*048 

o*;i3 


X J;.— ludigotin precipitatec], siilphoiiated and titrated with periuangauate. 


Ill this connection it may be remarked that the enxymic aciiivity is less 
in the yellowed leaf than in the green. It was noticed tluit when yellow 
and green leaf of eq[ual indican content were placed to steej) in W'at,er under 
similar conditions there was considerably less action in the case of tlic yellow^ 
than the green. 

For a quantitative estimation of the differences some euzymically active 
leaf powder was made from yellow and green leaf respectively of idie same, 
plant by extraction ivith alcohoh under similar conditions, till colouj-less, drying 
and powdering. Equal weights, O’d- gm., of these powders ivcrc added to 
250 c.o. aliquots of plant extract at 35° C and allowed, to act for 25 mins, 
during which time they were well shaken. After addition of Jimmonia and 
thorough shaking and boiling they were filtered and the remaining indica n 
estimated together with a control aliquot of the plant extract. It was 
found that of the original indican 16-4 per cent, had been hydroliscd Iry the 
green leaf enzyme powder as against 11*2 per cent, by the yellow. Tims a 
considerable loss of activity is showui after yellowing. The reason for this 
is nncertain though it is possible that part of the enzyme is removed alom^ with 
the other nitrogenous material. 

Connection hetiveen Light and Glucoside Prodiiciion. 

That indican production is not dependent on light w^as shown very easily 
by covering the stump of a cut down plant of Indigofem anecla with a light- 
tight kerosene tin. Shoots arose from the stump and after two or thre(i weeks 
these were analysed. They rverc typical etiolated shoots, devoid of chlorophyll, 
with very small leaves and lung slender succulent stem. Indican uus found 
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in ail parts. Their indican content was compared with that of normal shoots of 
the same age, a number of whole shoots of each being cut from the stumps 
and analysed. 

Norinal .. ... 0’71 per cent, indigotin. 

Etiolated ... ... 0“28 do. do. 

Strict comparison is impossible owing to the different nature of the two — 
thus the very succulent nature of the etiolated shoots no doubt accounts 
partly for the low content. It is obvious that indican in considerable q'uaiitity 
can be produced in the dark. Since an old stump without leaves contains no 
indican, it could not be a matter of translocation of already existing indican. 

Molisch^ obtained the same result with etiolated shoots of Indigofer ct 
anil. Marsden ia tinctoria and Isatis tinctoria but was not certain that the gluco- 
side was not translocated from normal leafy shoots which were present on the 
same plant in each case. On the other hand, he found that Isatis tinctoria 
seedlings produce no indican when raised in the dark and seedlings containing 
indicaii lose the whole of it when put into darkness for two or three weeks. He 
gives no account of the state of the seedlings after several weeks of darkness 
and it is impossible, for this reason, to draw definite conclusions from his 
results. If the seedlings dropped nearly all their leaves, which commonly 
happens with plants put in darkness, the indican contained in them would 
be lost also. The fact that they contained no indican at the end of the time 
would then mean that the leaves produced in darkness under those condi- 
tions formed no indican. There would be no evidence that already existing 
indican had been used up. 

This would be in accord with the fact that seedlings raised in the dark 
produce no indican. On the other hand, he shows that indicaii is produced in 
etiolated shoots arising from a large plant of Isatis. This seeming anomaly would 
admit of the simple explanation that in a small seedling growing in darkness 
a very serious deficit of carbohydrates is bound to occur, whereas a larger 
plant or stump will contain sufficient carbohydrate, stored in its tissues, to 
carry on for a long time in darkness. Since the glucoside is directly dependent 
on some carbohydrate for its construction, it is more than probable that simple 
lack, of carbohydrate is responsible for its non-production in small seedlings 
grown or raised in darkness. 

Molisch- also gives results showing the effect on the indican content 
of keeping plants of Indigofera sp. in th.e -dark for 24 hours. Batches of six 

I Moliscli, H. BU::h. dcr Kms. Ahul. cl in Wiou Bel. CVIT, Al)!,. 1, 1898, p. 747. 

^ Loc. oil. 
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plants tvcro auaiysea after remamiug in the open and ’’““S 
Lurs in a light-tight covering respectively. In each case he > 
showed II lower iiidicaii content than the normal plants e 
diBereuee varying from 6-8-47 per cent, of the uormal content , 

The following results obtained in this line of work differ vert _ 

from those of Molisch. The turgidity of the leaflet vanes co , V 
cording to the atmospheric conditions at different tiinffl duun„ . , ^ ■ 

alone produces variation in the indican content when the atto ls ^ 

percentage of fresh weight. For this reason the results have be „ 
tlso is hidigotin per 100 leaflets. The on-or due to variation m s.se of the 
leaflet is made comparatively .small by the large number taken. ^ 

Tablf' XI gives the indicaii content at simnsc and sunset 
of indigo leavcl Nos, 1 and 2 represent single plants of /. 
represents a batch of twelve plants of /. sumUmm from each of 
leaves were picked for each of the four' lots mchided. Normal matiuo hat . 
were taken in each case .and the leaflets only were analysed by the mdirubm 
method. 


Indigofei'a spi)., hulicm ConUnl afler nigJd mil dag. 


Ko. 

Time of 
analysis 

Number of 
leaflets 

Weight 

Weight of 
100 leaflet.? 

Indigotiii 
per cent. 

Indigotin per 
100 leaflets 

la ! 
b 

Bimri-se 

Sunset 

273 

266 

(•81 

7-02 

-2-86 

2-64 ! 


0-491 

0-509 

ifOltl 

0-0134 

‘2 a 
b 

Siuu'ise 

Sunset 

315 

324 

II 

2-18 

1-8S 


0-373 

0-422 

()-038l3 

0-00795 

a a 
a' 

Sunrise 

do. 

436 

428 

23-28 

22-04 

5-34 

5-15 


0-591 

0-608 

0*03161 

0’031Sj 

4 b 
b 

Sunset 

do. 

43,5 

448 

-22-44 

23-07 

5-16 

5-15 

_ 

0-612 

0-614 

0-0314 i 
0-0316 .f 


It iii obvious from, the hgiires that there is no appreciable diiierencc in 


indicau content between the two times. 

Table Xli give.s a comparison between the indicau content of throe batches 
of L suinalrana taken after Uvelve hours daylight and Ihirty-sijc hours darkness 
rcspcctiveh'. Those marked a were analysed at sunset after about twelve 
hours of daylight, those marked h, the same plants thirty-six hours later, at 
sunrise, after being tw<^ nights in the open and in darkness under a tent during 
the intervening day. As before, mature leaves were taken and the leaflet 
unly analysed by the indirubiiv method. 
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Table XII. 


I 


L sumatrana Indwan (Jnnteni. 

(a) — after twelve hours daylight- 
lb)— after thirty-sis hours darkness. 


.i 



No. 

n, r-TT 1 

Number of I 
leaflets 

Weight 

Weight per 
100 leaflets 

Indigotin i 
per cent. 

Indigotin per ' 
100 leaflets ' 

Average 

la 

a 

461 i 

450 i 

16’G3 

16-26 

3-50 i 

3*61 1 

oo 

ii 

0-0! ori j 

0-0196/ 

0-(1193| 

b 

b' 

42S 

442 

14-14 1 

14-10 

3-30 

3-19 

0 563 i 
0-558 ' 

0 01861 : 
0-01 78 .1 1 

0-0182 1 

2 a 
a' 

r>49 

520 

10-13 
i 19-06 

3-49 

3*60 

0-580 

0-551 

i (l•020•2•^ ■ 

1 0-0199) 

0 •0-200 'j 

h 

b 

502 

533 

16-48 

18*57 

3-28 

3-49 

0-5S9 

0*572 

I 0-01931 ' 

j 0-01991 

0 0196 1 

3 a 
a'. 

2S4 

281 

11*24 

11*23 

3*96 

4-00 

0*6*29 

0-590 

O-02491 
(1*0236 / 

0-024*2 1 

b 

b 

261 

260 

1 11*81 



4-49 

4-40 

0-5.36 

0-5S5 

I 0 0241 1 

1 0 -0-257 )■ 

O-0249 1 


The figures prove definitely that there is no large alteration in indican 
content after thirty-six hours of darkness. It is probable that the small 
variation shown is due to experimental error in sampling and analysis, the 
whole nature of the experiment making it very difficuli to get exact 
results. 
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It follows from these results that either iiidicau remains unaltered in tlm 
mature leaf, taking no part in normal metabolism, or, if it takes part m meta- 
bolism, its rates of production and removal are approximately equal irrespective 
of whether the plant is in light or darkness. 

It is not easy to see why Molisch’s results showed a large reduction in 
iiidican content in the leaf after twenty-four hours in darkness. He neglected 
the variation due to differences in turgidity— differences that might amount 
to a very considerable iiroportion if not specially guarded against. His plants 
were enclosed for twenty-four hours in a covering of which he gives no descrip- 
tion. It is quite common, ■when a plant is enclosed with an airtight covering, 
for the leaves to turn blackish and many of the young shoots to die even 
after twelve hours under certain conditions. Possibly lie ivas actually measur- 
ing the effect on indican content of a pathological co^pii set up by the 
conditions of his experiment. It may be noted Table XII 
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al)OYe vv'ero pei-fectly liealtliy looking after tkeir spell of darlviiess since a. 
period, of only twelve hours was spent under a covering and that was large 
and admitted of ventilation. 

Function of Glucoside. 

Two suggestions have been put forward of the function of indigo-yielding 
glucosideSj both tentatively and without definite supporting evidence. 

Molisch,* as a result of his work to which reference has already been 
made, considers that some definite connection exists between indican produc- 
tion and carbon dioxide assimilation and suggests that indican may represent 
the first step in the synthesis of proteids from carbohydrates and inorganic 
nitrogen. i 

The formation of the glucoside is obviously dependent on tlie pinisence i)l’ 
a carbohydrate, but that there is no immediate connection with carbon (lioxid(i 
assimilation follows from the fact that indican is produced in. tJe^ tH.iolat,eil 
shoots arising from an indigo stump kept in darkness. Moreover the occur- 
renoe of the glucoside in the roots only of WrigUia iomentosa points to the 
same conclusion. 

With regard to its function in metabolism as the first nitrogenous organic 
product in the synthesis of proteids it is very nnlikety that it is confined to this 
role. Indigo seed, which contains no indican, if supplied with nitrogen-free 
water, produces seedlings containing indican. This was not carried out under 
absolutely sterile conditions but no trace of nodule formation could be se.en. 
As shown above, Tables III and IV, the amount of glucoside contained in tlie 
seed of WrigUia tinctoria increases considerably on germination and growth 
on nitrogen-free water. It is probable that the glucoside in these oases is 
produced at the expense of higher organic compounds by catabolic processes. 

That the glucoside can be used as a nitrogenous reserve appears evident 
from the results given in Tables III, VI, and VII which show the reduction in 
glucoside content produced by the nitrogen starvation of seedlings of If. 
tinctoria, and cuttings of Polygonum tinctorimn and Strobilcmthes jiaccidifolius 
respectively. 

Whether this is a normal function is open to doubt. If this be the casci 
it appears unlikely that so large an amount of glucoside would remain in 
seedlings on the point of death from nitrogen starvation-— No. 9, Table III, 
Moreover it has been shown that the whole of the glucoside is throw.ii, awav 
at leaf-fall whereas a large proportion of other nitrogenous matter and all 

l Molisch, H. der Kais. 4tead- d. TTiss. in Wien. Bil. CVII, Abt. 1, ISOS, j). 747, 
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the eutch i. ~1 to., the, loaf hefore it falls. This does not point to 

TscmsTiihkd^thl^^^^^ ^ “■ f ^ t 

increases and reaches a j ^ resulting in a. 

hower, does not keep pace mth ^ , „^ri„r,mn 

grad..al decrease in the percentage day and 

at the maturity of the lea , t e amoun ■ alteration can he detected. 

fc,.,n.. i. » ..a "X” ». *. 

It is fairly certain tliat the ^ the amount of indican 

more slowly. jank growth tends to 

This is m accordance w h^^^ ^j^„„iple of 

low indigo content and si „ niteogenous manuring of indigo: the 

;noi"oT;"ts increased considerably but its percentage content is 

m“« 

functions as a f TeTuirements of the theory, viz., 

■ fr?- “ “ ■““•■ “ “ •“ “ 

necessary before any ““ ™ whether the function is the same m 

, side. There is considerable doubt as to w ^ 

different species and it is quite ceitain that the actual gi 

™ SCMMABY. 

The following is a summary of the conclusions arrived at as a result ol 
the above investigations 

Itisabsentfromthe, eaves 

of the latter. -r^ „ n tsct yxvil. 1909, p- lo*’- 

^ Walttev. Oscar. J?cr. c?- Be^^tsclu Bot. Gesell Bd XXVH. 1 
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•> Tl,. ,.IucoRid(, and its nmnw in II’. Iwclom .are distinri; liom l l.nsa 
„I ],Hi;f/qfm' armlo. ami J. smnatrmm althoiif* Wriffhlki oiwymo Ims some 
iirtion nil liuligqfimi- gliicoside and vice versn. 

rr. iinrlnria seed, when germinated and grown witlioui nitriigen. 
iuereases in gliicosidc content till it becomes about trebled at about forty 
days. As nitrogen, starvation begins to show tlie amount decreases luii is 
still considerable wlien tbc seedlings are on the point of death. 

j. ir. lomenlofta seedlings show no appreciable increa.se of glncosuh' 
under the same conditions. 

When cuttings of Poli/gomim timlorkwnmd SirMmOieB jkccid^fohm 
am grown without nitrogen part of the glncoside disappears, presumably 
being used up a.s a nitrogenous reserve. 

0. In TI. imetma and /. (.mecia the maximum percentage cont ent, occurs 
at a very early stage in the development of the leaf. The actual amount in any 
leaf, however, increases during growth to a maximum at maturity and icmains 
con.stant till leaf-fall when the whole is present in the fallen leaf. 

7. Indican is produced in the dark by etiolated shoots of /. arrcela. 

8. There is no variation in indican content between night and ihi)' 
in I. arrccifo and I, smnatrana. Moreover no inarked elfect is prodneed by 
Iceeping plants of I, swnatmm in tlie dark for thirty-six lioiu’s. 

9. In the light of inesent knowledge lio definite function can be assigned 
to indigo-yielding glncosides in general or to the glncoside of any special specic.s. 
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MUKEIUI, B.A., B.SC. Price, As. 8 or 9d. 

Report on the Flax Experiments conducted at Dooriali during the year 1910-11, by 

E. M. VandekeRKHOVE. Price, As. 6 or 7d. 

Note on the Present Position of Cotton Investigation in India, by Bernard 
Coventry, c.i.E, Price, ^s. 2 or 3d. 

Exneriments on the Cultivation of Sugarcane at the Partabgarh Experimental 
Station, 1909—11, by G. Clarke, f.i.c. ; H. E. Anhett, b.sc. ; and Syed Zamin 
Hussain, b-a. Price, As. 5 or fid. 

The Cultivation of Lac in the Plains of India, by 0. S. Misra, b.a. (Second Edition.) 
Price, As. 8 or 9d. 

Directions for the Cultivation of Eri Silk. (Revised Edition.) Price. As. 3 or 4d. 
Report on the Flax Experiments conducted at Dooriah during the year 1911-12, 

by E. M. VANDEKERKHOVE. Price, As, 1-6 01' 2d. 

Wheat Experiments on the Botanical Area,. Cawnpore, and their bearing on Wheat 

Cultivation in the United Provinces, by H. Martin Leake, m.a., f.l.s.; and 
RampRASAD. Price, As. 3 or 4d. 

A Note on some interesting results following he internal admmistraHon of 
in Canker and other diseases of the foot in Horses, by Major J. D. E. Holmes, 
m.a., D.sc., M.R.d.v.s. Price, As. 2 or 3d. 

Some Aspects of the Agricultural Development of Bihar, by A. Howard, m.a., a.r.c.s., 

F. L.S. Price, A.s. 4 or 5d. 

Diseases of Kice, by B. J. Butler, .m.b„ f.l.s. Price, As. 8 or 9d. 

Koport on the Flax Experiments conducted at Dooriah during the year 1912-1 , 
by E. M. VANDEKERKHOVE. Price, As. 3 01’ 4d. 


BULLETINS ISSUED BY THE AGRICULTURAL RESEARCH INSTITUTE, 

PUSA — QoncU, 

So. fJ8. Note on tlie M’Fadyean Staining reaction for Anthrax bacilli, by Major J. I>. K- 
Holmes, M.A., ».se„ Mr.E.o.y.s. Price, As. 4 or Sd. 

No. 87. Notes on Experiments with Sugarcane at Sabour, by C. SOMBRS Taylor, h.a. 
Price, As. 2 or Set. 

No. S8. Disintegration of Eiee Grains by means of Alkali, by P. J. WaETH, M.se. ; and D. B, 
Daeabsett, B.se. Price, As. 6 or 7<i. 

No. 39. Instructions for rearing Mulberry Silkworms, by M. N. De. Price, As. 4 or 5d. 

No. 40, Green Manuring Experiment, 1912-13, by 0. M. Hutchinson, b.a. ; and S. MiLLlflAN, 
M.A., B.sc. Price, As. 4 or 5(?. 

No. 4!. The use of Sweet Jowar (Sorghtim sp.) as a source of Commercial Sugar w as Fodder 
and the variation in Composition of the crop during growth, by H, B. Annett, 
b.SCm f.i.c. P>'iee, As. 2 or 3ci. 

No. 42. Notes on Ca^ Crushing in the United Provinces, by G. Olarke, F.I.C. ; Naib 
Hussain and S. O. Baner.tbb, assisted by Laeshmi Shankar. Prjee, As. 2 or M. 

No. 43, A note on the effect of Heat on the Rinderpest Immune Bodie.s, by Major J. D. E. 
Holmes, CM.E., M.A.,, l>,8c„ M.li.c,v.s. Price, As, 2 or 3d. 

No. 44. How to Improve Silk-Reeling in Bengal, by M. N. De. Price, As. 4 or Sd, 

No. 45. The Acid Secretion of the Gram Plant, Cioer arietinmn, by D. L, SaHASRABUDDHE, 
B.sc., L.Ag. Price, As. 2 or 3d. 

Ho. 46. Bee-Keeping, by G. 0. Ghosh, b.a. Price, As. 14 or Is. 4d, 

No. 47. Notes on Sugar Machinery and Manufacture in Northern India, by PSTBE Abbl. 
Price, As. 5 or 6d. 

Ho. 48. First Report on the Experiments carried out at Pusa to improve the Mulberry Silk 
Industry, compiled under the direction of the Impeiial Entomologist, by M. N. Db. 
Price, As. 6 or 7d. 

Ho. 49. The Experimental Error in Field trials with Sugarcane and the effect on this error 
of various methods of sampling, by H. B. Annbtt, b.sc., f.i.o. Price, As. 3 or 4d. 

Ho. 50. The Improvement of Tobacco Cultivation in Bihar, by A. HOWARD, C.I.B., M.A.j 
and Gabuielle L. 0. Howard, m.a. Price, As. 4 or 6d. 

Ho. 51, First Report on the Improvement of Indigo in Bihar, by A. Howard, O.I.e,, m.a.; 
and OABRiELLE L. C. Howard, m.a. Price, As. 4 or M, 

Ho. 62. Soil Ventilation, by A. Howard, O.I.e., m.a-j and Gabriellb L. 0- Howard, m,.\. 

. price, As. 3 or 4d. 

Ho. 63. Soil Erosion and Surface Drainage, by A. Howard, o,i.e., m.a. Price. As. 4 or 5d. 

No. 64. Second Pioport on the Improvement of Indigo in Bihar, by A, Howard, O.I.E., M.A.; 
and Gabbielt.e L. 0. Howard, m.a. Price, As. 2 or 3d. 

No. 65. The Manufacture of Jaggery in South India, by A. Ohatterton, O.I.E. Price, As. 4 
or 5d. • • - . , 

Ho. 66. Green Manuring^in India, by A. 0, Dobbs. (In the press.) 


BOOKS. 


"Indian Insect Pests,” »jy H. M. Lefroy, M.A., f,e.8., F.z.s, Price, Be. 1-8. (Out of 
prim.) ■ 

■* Indian Insect LifeV’ by H. M. Lefhoy, m.a., f.b.s., f.z.s., and F. M. Howlett 
B.A. 786. pp. Price, Rs. 20 or 30s. ’ 


Wheat in India,” by A. Howard, M.a., a.r.c.8., 
HowAisrvtt.A, 288 pp. Price, Its. 5 or 7s. 6d. 


and Gabriblle L. 0. 


* Imperial Bacteriological Laboratory, Muktesar : Its Work and 

Products, by Major J. D. E. HoLMBS, M.A., D.so. Price, As. 8 or 9d. 




MEMOIRS OF THE 
DEPARTMENT OF AGRICULTURE 
IN INDIA 


SOME VARIETIES OF INBIAK GRAM 

{Cicer arietmum, L.) 


ALBERT HOWARD, O.I.E., M.A., GxiBEIELLE L. C. HOWARD, M.A 

lmj>erial Economic Botanist, Second Imperial Economic Botanist 

Pusa 


AND 

ABDUB RAHMAN KHAN 
Second Assistant to the Imperial Economic Botanist 


lET MONI 


AGRICULTURAL RESEARCH INSTITUTE, PUSA 


PRINXBD AND PUBUSHED FOR 

THE IMPERIAL DEPARTMENT OF AGRICULTURE IN INDIA 


THAUKER, SPINK & CO., CALCUTTA 
W, THACKER & CO., 2, Cebed Lane, LONDON 


AgcRts for the Sak of Goveramoiit Publicafioas, 


IN THE UNITED KINGDOM. 


Constable & Co., 10, Orange Street, lieieester 
Square, London, W.C. 

Kegan Paul, Trench Triibner k Go,, 68-74, 
Garter Lane, E.C-, and 25, Museum Street, 
Londoijj W-O. 

Ecriiard Quaritch, 11, Grafton Street, New 
Bond Street, London, W. 

P. S. King & Son, 2 and 4, Great Smith Street, 
Westminster, London, S.W, 

H. S. King & Co., 65, Gornhill, and 9, Pall 
Mall, London. 

Grindlay & Co,, 54, Parliament Street, 
London, S.W. 


T. Fisher Unwin, Ld,, 1, Adelphi Torrace^ 
London, W.C. 

W. Thacker & Co., 2, Creed Lane, London, 

E.C. 

Luzac & Co., 46, Great llus.sell Street. 
London, W.C. 

B. H. Blackwell, 50 and 51, Broad Street, 
Oxford. 

Deighton, Bell & Co., Ld., Cambridge. 

Oliver & Boyd, Tweeddale Court, Pldin- 
burgh, 

E. Ponsonby Ld., 116, Grafton Street. 
Dublin. 


ON THE CONTINENT. 

Ei'iiesl Lei'oiis, 2S, Eoo Bonaparte, Paris. i Martiniis Nijhoff, The Hosue, HollaiiU. 

IN INDIA AND CEVLONe 


Thacker, Spink & Oo., Calcutta and 
Simla. 

W. Newiimn & Co., Calcutta. 

E. Cambray & Co., Calcutta, 

.S. K. Laliiri & Co., Calcutta. 

B. Bannerjee & Co., Calcutta. 

The Calcutta School Book and Useful Litera- 
ture Society, 3{)9, Bow Bazar Street, 
Calcutta, and *226, Nawabpur, Dacca. 
Butterwortli k Co. (India), Limited, Calcutta. 
The Weldon Library, 18-5, Chowringhee 
Road, Calcutta, and 2‘20, Nawabpur, Dacca. 
Rai M. C. Sircar Bahadur and .Sons, 75-1-1, 
Plarrison Road, Calcutta. 

Higginbothams Ld., Madras. 

V. Kalyanai-ama Iyer & Go., Madras. 

G. A. Natesan & Co., Madras. 

.Sj. Miirthy & Co., Madnus, 

Thompson & Co., Madras. 

Temple & Co., Madras. j 


Co)nbridge& Co., Madrii.s. 

P. R. Rama Iyer & Co., Madras. 

Thacker & Go., Ld., Bombay, 

A. J. Combridge & Co., .Bombay. 

D. B. Taraporevala, Sons & Co., Bombay. 
Radhabai Atmarain Sagoon, Bombay. 

Sunder Pandurang, Bombay. 

Gopal Narayan k Co., Bombay. 

Ramchandra Govind & Son, Kalbadovi. 
Bombay. 

N. B.Mathur, Superintendent, Nazir Kanun-i- 
Hind Press, Allahabad. 

A. Ohand & Co., Lahore, Punjab. 

Rai Sahib M. Gulab Singh & Sons, Mutid-i- 
Am Press, Lahore and Calcutta. 
Superintendent, American Baptist Mission 
Press, Rangoon. 

b. C. lalukdar, Proprietor, Students anrl 
Company, Gooch Eehar. 

A. M. k J. Ferguson, Colombo, Ceylon. 


CONTENTS. 


I. Introduction •• 

li. Pollination and Katueal Cross-Peetilization 
Flowering .. “• .. 

Pollination . .. • • . . 

Natural Cross-fertilization 

ill.*' Classieication and description op the types 
Morpliological cliaracters 
Classification of tlie types 
Notes on tlie various types 

Some Economic Aspects 

Yield ^ .. 

Quality . . • • 




SOME VARIETIES OF INDIAN GRAM. 


{Cicsr 

KY 

GABEIELLE L. C. HOWAED, AI.A. 
Second hnfcrial Economic Botanist, 
Pusa. 

AND 

ABDUR RAHMAN KHAN 
Second Assistant to the Tniperial Economic Botanist. 


I. INTRODUCTION. 

In spite of tlie fact that gram {Oicer ariMimmi, L.) is an. important cold- 
seaso.ii food-grain in a large portion of the Indian Empire and also in Bonth 
Europe, little attention has hitherto been paid to this plant. It is not one of 
the crops mentioned in Friiwirth’s Die ZAichtung der landwirtschajllichen Kid- 
turpfkmzen, an omission which indicates that this plant has not attracted the 
attention of plant-breeders. 

In India, including the Native States, the area under gram every year is 
roughly 18,000,000 acres, of which about a quarter is contributed by the Pro- 
vince of Agra. Practically all the cultivation is found in the Indo-Gangetic 
alluvium and on the adjacent portions of the Central Provinces, Central India., 
and Rajputana. Watt, in the Commercial Products of India, states that a 
line drawn from, Bombay to Patna would approximately divide India, into two 
sections, the northern being the great gram area and the southern that in which 
gram is a subordinate crop. Much of the gram produced is grown in the form 
of a mixed crop Avith wheat or ba,rley. The area and yield in the different 
Provinces are given in the table below. It will be seen that the average yield 
in British India is 688 lb. per acre. 
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1’able .[. 

Area and arerafje yield of yrani hi l9.ii-!24 


Province 

Area (in acres) 

j Yield (irri- 
! gated) in lb. 
per acre 

Yield (unirri 
gated) in lb. 

, per acre 

Assam 

905 



Bengal 

176,700 

... 

881 

Bihar and Orissa, 

992,100 

... 

881 ■ 

Ondh 

Agra 

1.697,097 1 

5, 175, 143 j 

950 

800 

Punjab . 

'1,099,894 

625 

534 

Koi’th-Wesfc Ifrontier Province 

174,119 

730 

149 

Sindh 

76,439 

476 


Bombay 

122.274 

1,200 

420 

Central Provinces 

993,113 


■ 532 

Berar 

117,221 



Madras 

134,900 



Upper Burma 

38,905 


114 

Lower Burma 

1,377 



Ajmer Merwara 

26,176 



Coorg 

1,540 

j 


Pergana Manpiir (Central India) 

678 

1 

1 ... 


Total— British India 

Total—Fativs States 

r 

14,128,881 

4,039,929 

i Average jield OSS lb. per 
' acre. 

Grand total 

j 

18,168,810 

r 



J.. 


TLo grain is an important, food for man and cattle while the dried stems 
and leaves are used as fodder. There is a general idea among the cultivators 
that a gram crop iniprove.s the land, a result probably duo to the fact that it is 
a deep-rooted, leguminous crop which also add,s a good deal of organic matter 
to the soil by the fall of the leaves before it is reaped. The pods and leaves 
produce au acid secretion, a fact which has been known frojn the remotest 
aiiti(piity. Watt- states that this secretion is comjjosed of malic and oxalic 
acids and that it is systematically collected by .spreading clean cotton clotlss 


yAfnacNUnmf. ShaitiHr.s of India for the Ui IRJI. I2 ( liilcuMvi vnl i 

])T>. 120 untl ;1S7. 
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over the growing plants at night and collecting from these the vinegar with 
which they have become charged. This substance is used both medicinally 
and in diet. 

Most of the gram grown is consumed in India but. of late year’s, the expmt 
trade has increased, particularly from Karachi. The export figures for the 
last six years are thus stated in the Review of the Trade of India m 1913-14 : — 



Tons 

Average of previous three years 

. . 148,663 

Export in 1911-12 . . . . 

. . 346,742 

Export in 191243 . . . . 

.. 144,919 

Export in. 1913-14 .. .. 

.. 70,000 


Taking the year 1912-13 as an example, the export of gram to the whole 
British Empire reached 879,489 cwt. of which, 697,767 w'ere sent to Great 
Britain. , The remainder was principally exported to Ceylon (87,068 cwt.), 
Straits Settlements (36,822 cwt.), and to Mauritius (41,161 cwt.). .A. much 
larger quantity (2,018,895 cwt.) found its way to foreign countries, the prin- 
cipal importers being Germany (1,008,075 cwt.), France (698,049 cwt.), and 
Belgium (138,870 cwt.). All the large ports were concerned in this trade but 
the bulk (2,087,888 cwt.) was shipped from Karachi. Bombay (672,686 cwt.) 
and Calcutta (102,987 cwt.) came next in order while the share of Madras 
and Burma was small. ^ ' • 

The experience obtained at Pusa in the cultivation of gram throws a 
considerable amount of light on the needs of this crop and on its present dis- 
tribution in India. As regards soil, the best returns have always been obtained 
on light, high-lying, well-drained land which is not in very good condition as 
regards fertility. The time of sowing is also important. The best yields have 
been realized when the crop has been put in rather late, during the first week 
in November, by which time the light lands have had time to lose a good deal 
of their moisture. Any deviation from these conditions, as regards soil and 
time of sowing, has always led to trouble and loss. Grown on heavy, moisture- 
retaining plots, such as are most suitable for wheat, gram grows rapidly at first 
and there is every promise of a high yield. After flowering time, however, it 
is observed that the plants begin to show signs of wilt and very few pods set 
seed. The crop seems to wither away in spite of the fact that the soil contains 
a,bundance of moisture. Early sowing, even on the light lands which suit 

1 Annual Statement of the Sea-borne Trade and Navigation of Britii^h India- with 
the Britiffh- Empire find Foreign Countries, toI. I, 1913, p- 594:- 
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to oxccssito f.otrt.lt beta flowing too 

riponod .eod, Tl.o ofioct of the tm of soil on the y.cW of the 
is vv-oH S('(M1 in tlic results obtained on light and heavy an m 
at Puse. These are given in the folknving table . 

Table II. 


to badly 
varieties 

and IbKl 


Variety 

1912 (light 
land) 

Mels. Srs. 

1913 (heavy 
land) 

Md-s. Srs. 

^ 

Local 

Typo 14 

14 27 

•23 35 

4 0 

3 24 

West side of plot in 1913, 
land very heavy. 

Typo 17 

30 31 

3 22 


Type 9 

32 16 

15 8 


Type 16 

13 28 

34 *27 

10 0 

9 28 

East .side of plot in 1913, land 

Type 18 

moderately heavy. 


The behaviour, at tlowermg time, oi 

knd in 1913 ™s qnite unexpooted. Tho whole plot, up to the end of January, 
save promke of a record yield. After flowering, however, signs of weakness 
Lgan to appear-the leaves commenced to fall and httle setting took p ace, 
pahioulavlv towards the west side where the land was heaviost. Ah tl e 
svmptoms pointed to root trouble of some kind and accordingly comple c 
piai were dug up and the soil round the roots caa'efully rcniovod by 
washiiiv It was found that the root-system was very superficial and 
somewhit diseased, paidioularly in the case of those plants which set no seed. 
So healthv nodules could be found on the roots of such plants. Where a few 
seeds only had set, the root development ms somewhat deeper and more 
healthy with a few nodules but the characteristic of tbe whole set of varieties 
on the heavy land was superficial rooting and poor nodular development parti- 
cularly where the soil contained most clay. Healthy plants, on higher, lighter 

land, were found to have normally developed root-systems and iibundant, 
healthy nodules. The results obtained, as far as root development is concerned, 
are seen in Plate I opposite. Pig. 1 shows the root-system in the case of a 
plant which set no seed, while Pig. 2 shows that of a plant of the same kind 
which carried a few seeds. A normally developed root-system, drawn on tlie 
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same scale, is sliowu in Fig. 3 wliicli represents a plant from light, liigli-lying 
laud about a Lundred yards away. 

Moth as regards yield of grain, depth <jf rooting, and nodular development, 
the Pusa, results of 1912 and 1913 are moat significant. They show unmistak- 
ably the cardinal importance of thorough aeration of the soil for the development 
td; an adequate root-system and for the production of healthy nodules. They 
also serve to explain the present distribution of gram in India and the damage 
to this crop which so frequently results when the air-supply of the roots and 
of the nodules is interrupted. 

The distribution of gram in India has been referred to in Table I above 
(p. 211). If the Gangetic alluvium is considered, it will be seen that 
the area in Bengal is 176,000 acres while in the Province of Agra it is 
no less than 0,176,433 acres, there being a gradual increase in acreage 
through Bihar and Oudh. From the Meerut Division of Agra to Bengal, 
there is a regular soil transition from a somewhat sandy, open, well-drained 
loam with a relatively small proportion of natural soil moisture to an 
exceedingly fine silt of high moisture-retaining capacity. As the soil alters 
in texture towards Bengal, so the area under gram falls. In the Meerut 
Division, the soils are so open and aeration is so easy that the gram crop 
can be watered by canal irrigation with, advantage but this is harmful at 
Pusa even on the lightest soils. Thus the distribution of this crop in the 
valley of the Ganges corresponds closely with the natural aeration of the 
soil. Wherever the roots of gram can obtain an abundant air-supply, the 
area is large. As the alluvium becomes finer and closer towards tlie Bay 
of Bengal, the area falls off and gram is only found on high, light land. 
Outside the Gangetic alluvium, the only areas where this crop is really 
important are the Punjab, Central Ijidia, and Bombay. In tlie Punjabj 
gram does best on sandy, open soils, and does not generally thrive under 
canal irrigation on such soils as those of the Chenab Colony. In 
Central India, the plant obtains abundant air for the roots through 
the natural cracking of the soil on which it is grown, while in Bombay 
the conditions are nut dissimilar. In some parts of the Bombay Deccan, 
gram is ordinarily irrigated from wells and very high average yields of over 
1,200 lb. per acre are common. Under such circumstances, it is interest- 
ing to note that the laud which suits gram best is a black soil of medium 
cjuality and fair depth resting on munwn. This layer of murrum provides 
natiii'ally excellent under-drainage. Thus the distribution of gram in 
India chjsoly follows what may be called the natural ventilation of the soil 
and the better the aeration, the greater the density of the crop. Irrigation 
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is iisiuii only iii such eases as the Agra Province and the .Bornha}' .Deccai! 
\vUi‘rfi tin?, soils and subsoils are such that the. porosity is not destroyed by 
iloodmg the surface. 

rs Sjiealriiig gen,e.rally, grain is a precarious crop. There arc many references 
in ilu' Indian literature to this point and to the damage which results if anything 
unto ward ha ])pens at tiowering time. Frost, lightning and moisture arc generally 
the reason^. given for the partial or entire wilting of gram which often takes 
jduotr! rdtout tiowering time. The chief cause of the trouble, however, appears 
Lo be interi'erence with the air-supply of the nodules and roots, through crusts 
i'oi-med by rain, on soils vhich easily run together on the surface or become 
compacted. The roots and nodules easily turn black and die while the branches 
wilt from the growing point downwards. Heavy rain during growth has a 
iimilar effect on gram to that observed at Piisa when it is grown in heavy land 
yell supplied with soil moisture. 

'Phe etfect of interfering vnth the air-supply of this crop is well seen in the 
j-esult of an expei'iment, carried out in 1915 at Pusa. A strip of gram was irri- 
gated twice, on January 12 and February 25, and on one half of the watered 
area, nitrate of soda, at the rate of two cwt. per acre, was applied at each irriga- 
tHon. Watering was found to check the gro^vth, to turn the foliage a lighter 
green and to depress the yield by nearly 40 per cent. Irrigation, combined 
with nitrate of soda, had a much more marked effect. The colour of the foliage 
rapidly became yellow and many of the plants wilted away. The yield was 
only one-eighth that of the control plot — a reduction of nearly 88 per cent. 
This result is probably an aeration effect, due to the destruction of the tilth by 
the nitrate of soda, after which the air-supply to the roots would be greatly 
impeded. 

The infiuence of the air-supply in the soil on the yield of gram received 
further confirmation at Pusa in 1915. This was a wet year and the season was 
not at all favourable for this crop. If the yield is limited by the aeration of the 
soil, it would be expected that under such conditions late, deep-rooting varie- 
ties would not do well and that the best results would be obtained from early- 
flowering, shallow-rooted types. It happened this year that three varieties, 
differing in time of flowering and in root development, were grown on a larg(? 
scale on uniform land and a comparison was made between the yield and tlu^ 
average length of the main tap-root which developed laterals. The results are 
given in Table III and it will be seen that the yield in a wet year is inversely 
proportional to the extent of the root-system. For comparison, the yields of 
1912, on similar land, in a very favourable year, are given in the last column. 
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Table ILL 

The /vlafioit. hetmen yield and rool-developmeHt in a wet season d 



Variety 

Date of 1 
ilowering 

Average 
length of i 
tap-root ] 
bearing 1 
laterals j 

Area, 
in acres i 

Yield per 
aero, 191') 

Yield 
acre. If 






m.. s. 

j m. 

Type 9 


Feb. LSth 

16 era. 

1-3 ! 

12 22 

32 

Typo 17 


Feb, 4th 

13 cm. 

1-0 1 

18 9 

i 30 

Type 18 


Jan. ISth 

1 ■ 8 cm. 

i ;l-o 

21 

31 


The cultivators tiieinselves, as far as tlieir practice is concerned, recognize 
fcliat an open soil is best for gram and that air in the soil is more important than 
moisture. In many parts of the Punjab, sandy soil is considered most suitable 
lor the crop and the surface, after sowing behind the plough, is often left rough. 
There is no ollort to conserve the surface moisture by means of tlie beam as is 
so often the case with crops like wheat. 

As in other leguminous crops, the presence in the soil, iusuliicient numbers, 
of the nodule organisms is necessary for the rapid, growth of g]‘am. Grown on 
new land for the first time at .Fusa, it is observed that the crop is often thin 
and poor and that the nodules are almost entirely absent. Moistening the 
soil with water, containing crushed nodules, leads to the formation of these 
bodies and it is observed that when the crop is repeated the second year on new 
areas it improves considerably. In extending the cultivation of this plant 
to new localities, it would probably pay to import a little gram soil with the 
seed so as to inoculate the land with the nodule bacteria and to grow the crop 
at least two years before coming to any decision as to its local value. 

II. POLLINATION AND NATURAL CROSkS-FERTILIZATION. 

Flowering. . . i 

The flowers are borne singly on the branches on short, jointed peduncles, 
from half to three-quarters of an inch long, which arise opposite the leaves. 
The lowest buds open first and the cymose arrangement of the flowers is 
shown in Plate U. 

:> A ro.‘ 5 ult, tjuolx a.s tho abovo, brings out the importance of detail iu variety trials 
in India. But for the detorminatiou of the dej)tbL of the root-system, the reason for the 
reversal of the 1912 results in .1915 would not have been evident. 
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'[’he biuls (jpen during tli (3 (la,y from about 1) A.M. to 4 r.M. a.ml clothe a,giun 
thi. SiHiw Iiftcmooji a little, before siuMot. As a rule, tlioy oix-ii upnu i,lic uex . 
looming (non 8-30 to 10 A.H. and dose again tioally in tke late altcmoon. 
In ] 914, absftiTati<ms wore mado, towards the end of February, on tlin^ lloweiing 
of live different varieties and, in all cases, tlie results were sinulai*, tlie llou ers 
opening on two consecutive days as indicated, above. In 1915, more deia,ile( 
ubs( 3 i;vations were made of the opening and closing of sixteen bowers of one 
viiri( 5 ty the i-esults of which are given in Table IV. 

Table IV. 


Dumtion of ojiening of grmn jloivcrs. 


1 

February 8, 1915 | 

February 9, 1915 






— 

Duration of 

of I 
bud i 


Time of 

Time of .second 

Time of Huai 

opening 

opening 

closing 

opening 



j 





li, ni. 

1 

11/44 

17/45 

S/30 

17/29 

14 51 

•2 

11/35 

17/43 

8/30 

17/20 

15 0 

8 

11/39 

17/20 

10/00 

18/30 

14 20 

4 1 

11/43 

17/20 

10/00 

17/20 

12 55 

5,1 

14/10 

17/30 

10/00 

17/45 

11 5 

t 

14/00 

17/30 

10/00 

17/29 

10 50 

7 

13/30 

17/45 

10/09 

17/45 

12 0 

s ^ 

15/20 

16/45 \ 



1 25 

9 

14/20 

16/45 1 

' Opened partially 

closed at 

2 25 

10 

14/00 

lC/45 

! at 10/30 

16/0 

2 45 

11 

15/29 

10/45 J 



1 25 

12 

12/00 

16/30 

Did not re-open 


4 30 

18 

15/00 

17/45 

9/29 

16/05 

9 30 

14 

13/00 : 

j; 17/45 

9/20 

17/30 

10 55 

15 





1 Did iu)t 






j open 

10 








The time during which each flower remains open is therefore s(nuewlia,t 
variable and ranges, in the ease of those which open normally on two consecu- 
tive da 5 ^s, from seven and a half to fifteen hours. As a rule, there is only one 
flower open at a time on each branch but when the growth is very vigorous, 
two may be open simultaneously. The position of the buds and flowers changes 
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a ,f!:oo<! (ioal during thc liowni’inG: period. In the hud stage, the flowm droop 
but grow out into the light and air as they open. During the second day, the. 
lUHlutu.'Je b<‘gins to ])C deffe.Ked at the joint and, by the time tlie flower has faded 
on i lie fourth day, the licnding is complete. Tlie various stages in the extension 
and dellexioji of the flower stalk are shown in Plate II. 

The eoluur of the corolla soon fades. The pink flowers first turn blue, 
tlven colourless and finally brown. The bine flowers retain their colour till they 
fade. The small pods emerge from the faded corollas about five or six days 
after the flower finally closes. They attain their full size three or four days 
later but, at this stage, the seeds are very small and the pods appear empty. 
hTom ten to twelve days more are necessary for the seeds to attain their full 
size in the pod. Ploweiyng goes on in each plant for more than a mouth but 
the rapid rise in temperature in March, often accompanied by flrying winds, 
ripens off the whole crop with such rapidity that the last formed seeds liav'e no 
tinie to mature in a normal manner. 

Pollination. 

In the bud stage, the anthers occur grouped round the style at a short 
distance below the stigma (Pig. 2, Plate II). Dehiscence takes place in the bud 
a, day before the flower opens and, when the pollen is first liberated, the stigma 
is still above and quite free from the burst anthers. The filaments now 
gradually increase in length sufficient to cany the burst authers above the 
stigma (Pig. 3, Plate II). This stage is completed before the flower opens and 
thus the act of pollination takes place in the bud. It would be expected there- 
fore that self-pollination is the rule. That this is so is coiffirmed by the beha- 
viour of ten plants which w^ere placed under nets in 1914. All set normal seed 
without any difficulty, thereby proving tha,t insect visitors are not necessary 
to bring about pollination. ^ 

Bees visit the flowers in great numbers so that there is some possibility 
oi crossing. On cloudy days, the pollen grains stick together and give out a 
yellowish, watery substance. In such cases, little or no setting takes place and, 
(iven if pods are occasionally formed, no seeds are developed. Such empty 
pods occur in largo numbers in the case of Type 13 and in those plants in the 
progeny of natiiral crosses which have rounded seed similar to those of this type. 
Unproductiveness seems associated with this rounded grain-shape. 

Some observations were made in 1915 on the efl’ect of wet, cloudy weatliec 
and of moist air on pollination. January 27 and January 28 were both 
cloudy days and flowers were marked on the morning of the second day just as 
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tiie) \s’cte ;ii)()ur, lu open. The niunhei* oj; pods roiiiiod was alterwards 
mined. Tiif results are given in Ta,hle V. 

Table Y. 

Effect of cloudy weather on setlimj. 


Total number Katnber oi ; x>e,-centaRC of 
of marked pods which S( 3 ttinK 

liow'era formed 


Type io 
Type 8 
Type 7 
Type W 


0 

V.l 


ddie fust of these cultures, Type 15, was in full flower at the time of tln^ 
experiment, the rest were only just begiiiiiliig to fiower. 

A more detailed set of observations was made on February 5. Fehnuiry 
3, 4 and 5 were wet and cloudy days, during which an inch ol: rain in all 
fell. On February 5th, small labels were placed on many branches at a point 
just underneath the last opened flowers. The flowers just below the labels 
must have opened during the wet and cloudy weather, while those above ojicned 
after the rain. The results are given in Table VL 

Table VI. 

of rainy weather on neltiny. 



1 Floweks below the 

LABELS 

Floweus above the labels 

Variety 

No. of 
flowers 

Fo(i.s 

formed 

Percentage 

set 

No. of 
flowers 

Pods 

formed 

Percentage 

set- 

Type -28 

IS 

2 

11 

1.S 

15 

83 

Large Kabuli 

’ IS 

4 

22 

18 

13 

72 

Type 22 

21 

5 

23 

21 

17 

81 

'i'ype 21 

1 19 

1 ■ ■ 1 ■ 

5. 

19 

12 

(i3 

Type 20 

20 

9 

' 45 

20 

IS 

90 

Total 

96 

21 


96 

' 75 



The etiect of the rainy and cloudy weather was therefore most nuu’ked 
and the setting was only about a fourth of what took place immediately the 
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weather cleared. Tire, best setting occurred in the case, o£ the last cuitiire 
which, at the time of the experiment, was in full flower. Unfavourable con- 
ditions seem to affect the setting of plants, just beginning to flower' or just 
going off their bloom, much more than those in full flower. 

The effect on setting, during bright weather, of moist air round the flower 
is very similar to that which occurs during rain and cloud. Flowering branches 
were placed in tubes, closed to varying extents and also in ordinary, ellip- 
tical lamp-chimneys, open above and closed lightly with cotton wool below^ 
When the tubes were completely closed and no air circulation was possible, 
the buds did not open and iio setting took place. Where the tubes and lamp 
chimneys were opened, to varying extents, to the atmosphere and where some 
air circulation was possible, a little setting took place. In the case of forty 
buds which opened in large lamp chimneys, open above and lightly closed 
below wdth cotton wool only 8 (20 per cent.) of the flowers set seed. 

The experiments indicate the enormous effect of high humidity on setting 
and show the loss which must follow from even light rain or damp cloudy 
weather at flowering time. Thus rain at this period may damage the gram 
crop in two ways — by preventing setting, and if the fall is large, by interfering 
with the aeration of the roots and nodules causing the whole plant to wilt. 

No cases of parthenogenesis occurred at Pusa when the stigma or stamens 
were removed prior to flowering. 

Natural Cross-pertilization. 

While self-pollination is the general rule in gram, nevertheless natural 
crossing occurs occasionally in this crop. The first cases were suspected in 
1911 at Pusa when, in a large plot of a pure culture of Type 13, a blue flowered 
variety, some seeds were observed different in shape and colour from the 
general plot. These resembled, to some extent, those of Tj’-pe 9, a white 
flowered variety, which was growing side by side. These stray seeds were 
grown singly and in 1912 produced plants with diflerent flow’-er colours— -white, 
blue and various shades of pink. Some , single plants, raised from these 
seeds, were selected in 1912 and their subsequent progeny, as regards flower 
colour, is given in the following : — 

(1) Six plants, with white flowers, bred true in 1913. 

(2) One blue flowered plant bred true and three other plants with bine 
flowers split into blue and white — -18 blue : 12 white j 23 blue : 8 w'hite ; 13 
blue : 7 white. This gave a total of 54 blues to 27 whites or a ratio of 2 : 1 . 
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(2) Of e]t'-ven piants M’itli various shades of pink flowers, ooly four bred 
as rt\ifai'ds iiower colour. The rest split as follows : — 


Progeny in 1912-13 



No. 

White 

Blue 

Pink 

4 


: r ' 6 

4 


9 

e 


1 ■ ■ 7' 

3 


12 

8 



3 


10 

9 


■ ■ ■ 4 ■ ■ . . " 



10 

10 


. ; ■ ■ 9 1 

o 


12 

12 


i 6 1 

i 


10 

11 


0 1 

4 


12 


A second case of natural crossing was observed in .1911 in a plot of Type 
I, a white flowered variety. Two plants, with pink flowers, were observed 
ill 1912 whicli s])lit during the next year into— 3 white : 11 pink; 6 white: 
12 pink — thus giving a total of 9 whites: 23 pinks. 

The single plants of 1913, connected with the above cases of natural 
crossing, were grown on the following season and the results confirm those 
of 19i:k 

Fink Jhum\^d pkmts (17). 

(1) Four, which produced 98 plants in all, bred true as regards })ink 
flowers. 

(2) Four split into pinks and whites only— 7 pink : 2 white ; 12 pink ; 
u white ; 11 pink : 2 white ; 01 pink: 18 white — total 81 pinks: 27 whites 
or a ratio of 3:1. 

(3) Three split into pinks and blues only — 15 pink : fl blue ; 23 pink : 
11 blue ; 27 piuk : U) blue — total 05 pinks : 27 blues or a ratio of 2-4 : 1. 

(4) Bix split into pinks, blues and whites as follows 


No. of culture 


Progeny in 1914 


White pWHwed 

tl^ese bred true as regards flower colour and splitting 
look place' in two cases onlv. One culture produced 22 whites and 2 ])inks 
and another gave S lilues aiid 9 whites. The former of these was probably 
a cas(^ of fresh crossing, while in the. latter there must have been a mistake in 
observation in 1913. 

Blue flowered ‘plants (8). 

(1) Three bred true and produced 35 blue plants in all. 

(2) Four plants split into blues and whites only— 8 blue: 4 white; 

9 blue; 5 white; 12 blue; 6 white; 7 blue; 1 white— total 36 blues; 10 
whites. 

(3) One plant s|)lit into 6 blues and 3 pinks. 

In addition to the splitting as regards flower colour, there appeared to 
be segregation, as regards grain shape, into ordinary and rounded grains. 

The above observations on the behaviour of the progeny of the natural 
crosses were not made in sufficient detail for the deduction of the \'arious 
colmir factors present in the flowers. A subseriuent critical examination of the 
types .showed that there are several grades of pink flowers. 

HI. CLASSIFICATION AND DESCRIPTION OF THE TYPES. 

The raw material used in the study of this crop consisted of collections 
of country seed obtained from Aligarh, Muzaffarnagar and Saharanpur in the 
United Provinces and of collections of local Bihar gram. Form separation 
was commenced in 1909 and was continued in succeeding years. In all cases, 
the cultures were started, either from a single seed or from the seed of a 
single plant. 

That the Indian gram crop is not uniform but consists of several 
distinct forms, distinguished by the colour of the seed and of the flowers, has 
Ion- been va-uely recognized and there are frequent references to these kinds 
in the literaLre. Tlie most deflnitc recognition of the existence of these 
types in the older literature is to be found in the following descrijition ol gram 
in Duthie/s Flora of the Upper Gamjelic Plain (p. 256) 

“A viscid, much-branched annual. Leaves 1-2 in. long, with usually a 
f, erminal leaflet ; stipules small obliquely ovate, toothed ; leaflets about 1/4 m. 
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long, ovate, oblong or obovate, deeply cut. Peduncle. Ij-i to til in., jointed 
about the middle, deflexed after flowering. Cklyx 1/4 to l/d in., tee.t!i linear. 
OryrrMa scarcely half as long again as tbe calyx, pink, blue or udiil <>. Pod b/-i 
to r in., turgid, pubescent, topped by tlie persistent base of tlie style, 
obovate or siibglobose, beaked, rcddisli brown, black or whit e. 

Largely cultivated in, North-West and Central India during tin*, cold 
season. Although not now to he found in a truly wild state, its original homo 
was most probably in some part of South-East Europe. Two distinct kinds 
are grown in this part of India, one with reddish seeds, and a smallei* kind with, 
seeds of a light brown colour. There is also one with nearly black seeds and 
another with large white seeds, known as “ Cabiili,” the last named is, however, 
rarely grown for profit.'’ 

The characters in which the various varieties and types of grein differ 
from each other must first be considered before their classification is dealt 
with. 

Morphological Oharacte.rs. 

Beyond the great range in the colour of the flowers and seeds, which 
occurs in this crop, the differences between the various types are not, at 
first sight, easy of exact expression. By growing the kinds in oblong blocks, 
so arranged that they can he compared in the early morning light, the 
somewhat elusive vegetative differences become much more obvious. The 
massed habit then becomes useful in distinguishing fo,rms which otherwi.sn 
would defy classification. 

Habit. The group of types— 1 to 5 --which, make up what is known 
as the ” large Kabuli gram ” stand out quite clearly from the crop as cultivated 
under field conditions in India. These have light foliage, wliite or whitish 
green flowers and they are considerably taller with larger leaflets than the 
country crop. Their seeds arc ranch larger than those of ordinary gram and 
are always whitish, in colour. 

With the exception of Typo 9, the rest of the twenty-five kinds are some- 
what similar in general habit apart from the colour of the foliage and time of 
maturity. The main Inanches give off, as a rule, not mm-e tJian one ser()nda,i'y 
shoot and the general habit is erect. Type 9, howcvei', is {piite diffoiR.mt i.n 
this respect. The crown divides up into several main arms a.t the surface of 
the ground and the main Iminches give off numerous lateials. Th(‘. cxtivme 
range in habit in this crop is shown in Eig. 3 . The left-hand sketch shows the. 
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\m<U\ o!' Iminching most HSHallv obseiwed while, on the the habit of; 
'lypo 9 is roprosonted. 



l.!.l()self correlated, with the habit and. time o;i: flowering is the geiie.i'al 
extent of the root system and the depth to which laterals are developed on the 
main tap-root. As a rule, the late sorts are more deep rooting than the early 
types as will be seen on reference to Table III above (p. 219). It has not been 
usual hitherto, in. considering the habits of varieties, to pay much attention 
to the :root-system. A little consideration, however, will make it clear that 
this will have to be taken up in the future, particularly in the case of 
Indian economic plants.’- 

Leaves. The types differ considerably both in the total length of the leaf, 
in the size and number of the leaflets as well as in the tone of colour of the 
I'olifige. Types 1 to 5 have comparatively large leaflets and stand out in this 
respect from the remaining forms. The small colour differences between 

''rill! of dcvolopmciul; of the root -.system will often assist the investigator 

in judging of tins ,siiltai)iUty of a variety for a given tract, of country and for a particular 
.set of .soil (umditions. It is quite po,ysiblo that the plant-breeders of the future will study 
I'he inherii.ance of eharactevs relating to the root just as minutely as they have done 
in certain of tlie above-gromul character, s dealing with flower-s and seeds. In India, whore 
tbe supply of watc'.v au<l air to the roots is so important, much of the future work on tirop..^ 
is likely t<> lii' devoicul to tin? .subterranean portions of the plant. 




TyiiPK n TO 2.'} am host ? 5 tudierl when the kiiicls are massed in obiojig plots. 
In a Fe^v eases, the, margin of the leaflets is red. The large glandniar teiirs on 
the margin of th(i ieall(d..s often contain coloured cell-sap, wliich may either 
}>e yellow, red or bine. 

Ffomct'.-i. Tht^ colour of the corolla may be greenish, Avhite or yarious 
shades of ]>ink or blue. In fading, the pink flowers turn blue before witheiang. 

Sdfih. The colour of the seed.s va.rie.s f7‘om whitish to blackish through 
\an'iou.s shades of yellow and red. There is a cojisiderable differojice in colour 
in the seeds of any one plant, but tbi.s is due to tlie fact that the last formed 
grains haye no time to rijTPJi on account of the rapid onset of tlie liot, dry 
weathe.r. 


Classification of the Types. 

The twe,nty-fiye types of grant, so far isolated at Pusa, can be distirigui sited 
according to the following classification provided full use is made of the massed 
habit and of all the vegetative differences. 

L Plants, leaves, flowers and seeds large. 

1. Flowers greenish, standard and wings hairy, standard, per.siste.nt. 

Ti/'jpe 1. Very late, erect, leaves dark green, seeds white 
with a reddish yellowtinge, 

2. Flowers white, corolla glabrous, standard, caducous. 

,A Plants early. 

Type 2. Very early, leaflets large. 

Types. Early but later than Type 2, leaflets rtifher 
small. 

B. Plants late. 

Type 4. Similar to Types 2 and 3 except in time of 
maturity. 

C. Plants very late. 

Type 5. ,Lea.ves very dark green. 

il. Plants, leaves, flowers and seeds small. 

1.: Flowers w,lute. 

A. Seeds white with a yellowish tinge. 

((/), Plants early. 

Type G. ,Leaves light yellowish green. 
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Nir>. 1 . HAFFLOWER AND IMUSTAKD 
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INDIAN SAFFLO\¥ER. 

I. INTRODUCTION. 

Siifflower {Gavthmwm limlorius, L.) is widely cultivated in India, both as 
a,n oil-seed and for the reddish dye in. the flowers (earth amin). AVatt, in 
the Oommercial Products of India, states that there are two main “conditions,” 
one grown for its flowers, the safflower dye of commerce, the other for its 
oil-yieldi.ng seeds, the JcMsum oil of trade. The former is said to be fairly 
extensively cultivated in Bengal, the United Provinces, the Central Provinces 
and Bombay. The best dye is said to come from the Dacca Division of 
Bengal and the best kusum oil from the Deccan, Open sandy soils suit the 
crop, which is generally grown mixed with gram, barley or wheat. On this 
account, tlu'. aix'a under safflower is hot recorded separately in the statistics 
of Indien cro])s. The export of safflower dye is small and, in 1912-13, 
amouiitcid only to I-. 250 cwt. which for the most part was sent from Calcutta 
to the, Ht.rait.s Settlements and Hongkong. In addition to the oil, the dye 
in. the flowers is largffly used by the people in India and, in spite of the 
competition of a,niline dyes, still maintains its position. The rose-coloured 
i urhans worn by the Marwari traders of Rajputana are dyed with safflower. 
|)nth,io a.nd Fuller, in Field and Garden Crofs of the Norlii-West Provinces and 
" ' ■ 1 ' 


ALBERT HOA¥ARD, C.I.E., M.A 
inrperad Economic Botanist. Pima 


.Vjg STUDIES IN INDIAN GIL-SEEDS 

I 1 1-, r flu. flvo from Baipiitana accmiuts for 

v,-av <0 tlia wnsMiiwR flm.ngli tlie murlcat. at, Uolln, 

Th„ dy» «<xu.« in a yellow 

collMted led (cartkniin) hisohible in water 

d, a,b.lis." A.ter tl.e collect™. ol tl.e floret, the crop ie all^c 
to ripen ita seeds Iron, which hmm ml is crtvacted Tins oaori 0 >. 

both fiir ciiliiian' p>'ip<ise» ^ 

of the Ted coloiiriag matter iu the ilowtis. 




11. BIOLOGY OF THE FLOWEL. 

Flowering. 

The canitula are Woe at the ends o£ the hraucte well beyond the 

Inreo leaves Each main branch ends in a. capit.ulum the flowers of w hich 

beam to open before those of the inflorescences on the secondary Inane u. 

to four weeks and usually takes about twenty-five days. 

Pollination. 

The florets at the margin of the capitulum open first aird flowering 
proceeds eentripetally, the whole taking about lour days. They usimlly 

beoin to open in the morning and the process goes on till mid-day. A few, 

however, open in the afternoon. They remain open one or tivo days 
before fading. In the, bud stage, the style elongates and the stigma usually 
emerges from the auther tube before the polleii is liberated. Soon after the 
extrusion of the stigma, the corolla opens and anthesis takes place while 
the hairy portion of the style is still within the tube. The continued growth 
u. mrrrtfL (if thfi stvlo enablcs the numerous hairs to sweep a large amount of 
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f.liH poi.l<in from the tube iutotlie open air. An examination of the florets at 
this pei’iod sliows the stigma in the great majority of cases quite free from 
pollen, but with numerous graiirs adhering all round the hairy region of the 
style. Ill some cases, h.owever, anthesis takes place before the extrusion of 
tlie .stigma tliius rendering self-pollination pos.sible. Bees visit the capitula 
in large .numbers in the moniiiigs and pay particular attention, to the newly 
opened florets in Vi'hich anthesis has already taken place. They clear away 
the pollen adhering to the style and to accomplish this have to stroke it in 
the direction of the stigmatic surface. In this way, a few pollen grains are 
carried to the stigma and pollination takes place. By this method of trans- 
ference of pollen from the anther to the stigma, both self- and cross-pollina- 
tion are bound to take place as the bees work daily on all the t)q)es of plants 
with open flowers. Besides this method of pollination, it will be evident that 
the slighte.st movement of the capitiilum by wind or by the operations of the 
bees might easily carry pollen from one flower to its neighbour and geitono- 
gamy is thus easily possible. Both self- and cross-pollination are therefore 
likely to take place in this crop. A consideration of all the facts points to the 
probability that selfing is much commoner than, crossing. 

Very little setting takes place under parchment paper bags as compared 
with the results observed in the case of free-flowering inflorescences. On the 
other hand, when the plants are enclosed, either in muslin or mosquito nets, 
this difference largely disappears as will be seen from the observations sum- 
marized in Table I. 


Table I. 

Setting of protected and free-flowering plants. 


1 

No. of 
culture 

i 


Aveeagk numb 

EH OF SEEDS PER HEAD 

Date when I 
first flower 
appeared 


1911 


1914 


1 

Bagged 

Free-flowering 

Bagged 

Netted 

Free-flowering 

1 

2-3-14 

9 

41 

9 

26 

22 

A 

25-2-14 

19 

51 

19 

3.5 

43 

5 ' 

16-2-1-1 

9 

27 

1 

27 

25 

6 

14-2-14 

3 

34 

12 

24 

33 

Ui 

23-2-14 

5 

50 

IS 

48 

48 

3S 

23-2-14 

7 

39 

21 

36 

28 

39 

20-2-14 

1 

30 

1 

36 

38 


m 
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Table I. — contd. 
SMinn ojp-ohcia ami 


^ - ! Date 'jyhen 

I first flower 
culture appeared 


r 


AVBKAOli NUMBEIl OP MEEDS 

TITT” ! IflLt 


1 Bagsed | Free-flowering Bagged 


3 

12 

1 ?. 

14 

15 
30 


23-2-14 

23-2-14 

23-2-14 

20-2-14 

2-3-14 

25-2-14 

20-2-14 


10 

6 

G 

IG 

7 

14 


33 

46 

57 

24 

42 

41 

65 


8 

15 
7 

26 

3 

14 

16 


Netted i Free-flowering 


27 
44 
37 
29 
2(5 
54 

28 


27 

27-2-14 

• 9 1 

54 i 

13 

50 

31 

23-2-14 

^ 9 i 

35 : j 

5 

23 

32 

23-2-14 

20 1 

58 1 

5 1 

28 

. 

34 ^ 

20-2-14 

15 i 

48 i 

15 

38 

42 

25-2-14 

15 i 

€8 

14 

42 

17 

3-3-14 ' 

9 1 

54 i 

1 

18 

JIS 

S 

9-3-14 

21 1 

48 

3 ' 

31 

10 ■ 

14-3-14 

7 1 

54 

^ 1 

3(5 

23 

, 2-3-14 

10 1 

46 

10 1 

44 

24 

■ ' tO-3-14 

® 1 

54 

13 i 

40 

50 

4-3-14 

18 i 

55 


51 


•' AVERAGE 

1 

46 

12 1 32 


40 

35 

2(5 


39 
49 
23 

40 

41 
45 
50 
39 
38 ' 
41 


These results show that the visits of insects like bees are not necessary 
forpollination provided that air movement and the .ratnral hnmid.ty are not 
interfered with. Under parchment paper bags, there is necessarily little air 

urovementand the chances are small of the stigma of one flower coming m 
contact with the pollen covered style of its neighbour at the proper moment. 
Further, the higher humidity and possibly the higher temperature inside the hag 
would both tend to reduce the amount of pollination. Under large nets, which 
cover almost the whole flowering portion of the plant, there is little (Morenee 
between protected and unprotected flowers as regards air movement, humi- 
dity and temperature and under such circumstances geitonogamy is readily 
passible and is observed to take place, 
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In order to determine tlie effect of increased humidity on pollination, n 
ooniparison was made in 1915 betw'een setting in lamp chimneys, closed below 
and partially open above, ajid in the free air. The results are set out in 
Table II. ^ 

Table II, 

The effec.1 of increased Immidily on selling. 


j Number of seeds in each OAriTuiuM 


Oultui'e ^ ^ — 

In lamp chimneys 

In free air 

“i ' j 

0 ■ ■ 

21 

0 

IX 

1 i 


1 1 

31 

0 

27 

i 0 

iS 




0 I 

37 ■■ J- 

8 

0 i 




39 


13 

63 

15 




13 

55 

Total 

38 

647 

Average 

2-2 

38 


Library, 


The inhibiting efi'ect of the moist confined air is very great and, at first 
sight, the result would be put down entirely to the effect of the increased hnini- 
flity. It is possible, however, that temperature plays a part, and that pollen 
grains will not germinate readily in moist, hot air. 
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It is fou.ul tl,»t ^vhile the imn.bcr of siM-as set iu fvoe-fl.nvcrms (aiotsiU 
„o the sa.ne plaot at any varticulav petioJ is to a great c.tort - 

tlidsss there is very great variation iu the numher K'*uiu ei j’'*’' 

No setting at all takes place in many cases under bag as a\ i * ' , • 

results set out iu Table III. In some cases, such as cultures ..and h.ll < ^ 

once of the bag is fat less deleterious tbaura others. The cause o . s „ 

variation lias not been investigated. 


Table III. 

Setting in individual heads on the same 



NUMBICK Oir MEAD 

TtiX. 

U, KC). OF 
KEDS 


No. Kind of head j- 










B'ree- L 
flower- I • 
ing 


1 


1 

4 


6 7 

8 1 

10 11 ji 

Sagged 

igt) 

1 Bagged 

1 

17 

14 

0 

0 

0 0 

0 

0 0 1 

3 


U‘3 

1 

i Free-dowering 

H4 

.31 

37 







105 

35 

1 Bagged 

2 

S 

10 

1 

0 

10 12 

9 

0 0 0 1 

63 



' Free- flowering 

40 

4-2 

34 

40 

20 



- 


188 

38 

j Bagged 

15 

9 

15 

12 

5 

19 1 

1? 

2. 1 15 

131 


n 

! Free-flowering 

:>A 

35 

30 

29 

40 

.‘13 




201 

31 

j Bagged 

i2 

5 

3 

12 

12 

10 0 

0 

0 0 

04 



4 1 

i Free-flowering 

,‘14 

48 

30 

34 

47 





202 

40 

i Bagged 

2>2 

2:i 

12 

27 

28 

8 23 

26 

0 

i 11)9 


19 

I Free-flowering 

:57 

35 

37 

35 

35 




1 

179 

35 

Bagged 

13 

2-2 

23 

10 

4 

22 3 

2 

0 0 0 

i 99 

i 

9 

(i 1 

; Free-flowering 

61 

01 

70 

57 

05 




1 

1 317 j 

03 

Bagged 

8 

22 

4 

0 

11 

2 0 

0 

0 0 

5;: 

‘i 

5 

Free-flowering 

54 

45 

53 

54 

52 





; 208 

i 

52 

Bagged 

21 

S 

5 

27 

28 

•25 •2-2 

1 0 

0 0 

139 1 

14 

■■■■■.S'!" 

Free-flowering 

61 

41 

51 

44 

47 





244 

49 


fBattged 9. 

Average nnniber of seed.s per head s 

iPree-flowei’ing 4i{, 
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The effect of the season on the amount of setting in mid ci-ops at Pusa 
is particniiu'ly well-marked. As a rule, all late varieties set badly and the 
last formed flowers, even on early kinds, do not produce many seeds. This 
point was investigated in 1915 in the case of four safflower cultures. The 
results are given in Table IV from which it is clear that, with one exception, 
there is a rapid failing off in seed production. So great is this at Pusa that 
the utnnjst care has to be taken, in making comparisons, that the observations 
are made on cultures in similar phases of flowering. 

Table IV. 

The effect of the mason on setlimj. 


AvfiRAQK Number OF Seeds per Capituluh 


Type 

Early 

Intermediate 

Late 

20 

51-7 

41-7 

29 9 

17 

19-9 

23 -3 

2r»‘7 

13 

4-l:-3 

39-9 

11 9 

Dacca 

31-0 

— 

24 7 

AVEK.AGE 

3e-7 

34-9 

23-2 


A consideration of the development of the flower and of the results of 
the pollination experiments described above leads to two very definite conclu- 
sions. Self-pollination is likely to be the rule in safflower but a fair percent- 
age of natural crossing is also possible. The effect of flowering in confined 
space, such as in paper bags or in partially closed glass vessels, is to reduce 
pollination and to interfere very considerably with the mimber of seeds set. 
How far temperature is a factor in polIiTiation, under such circumstances, has 
not been determined but it is probable that it has some influence. 

Natural ceoss-eertiliz.vtion. 

The extent to wdiich natural crossing has produced heterozygotes in 
safflower in Bihar has been referred to in a previous paper.^ Out of 76 
single plants selected, only two bred true in all respects. Variation 
occurred in many directions, namely, in the colour of the flowers, in the 
habit of the plants, whether tall or spreading, in the degree of hairiness aiid of 
spinosity ol; the bracts of the inflorescence and also as regards the charac- 
ters of the leaves. 

The colour of the florets in the bud stage varies from whitish through 
various shades of yellow to reddish. These colours are best seen just as the 
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hurls ure rop,d\r tu open. When fully opened, the aiuoiait ot rod oolotir in the 
corolla appears 1:o diminish but on fading tdie redness develops (Plate II). 
all the wliitisli and some of the pale yellow 'dowers bred true but many oi. tiie 
])lants wit.h, orange florets were heterozygotes and when grown singly gave all 
stages from yellow to deep orange. 

(Subsequently, the proportion of heterozygotes was d(3terjnined in blie 
crop as grown in other parts of India. Out of 22 samples from dih’eront places 
in the Bombay Presidency, 20 proved to be almost pure and tliese were 
characterized, by a cf)pious development of spines on the leaves amd bracts. 
Three distinct types only 'were found in these collections from which, it appears 
that the kinds are kejjt much purer by the people in Bombay than in Bihar. In 
contrast with these almost pure cultures, the seed received from Alunedabad 
and Larkhana (Sind) was very mixed and an examination of tlie progeny o:l: 
single plants showed the existence of extensive natural crossing. No loss 
than nine types were finally selected from these two samples. Two samples 
of seed from Mirpurkhas in Sind were considerably mixed and from these five 
types were isolated. Two samples from the United Provinces proved to be 
almost pure and yielded only two types which were characterized by spinose 
bracts. It will be seen therefore that the safflower crop in India varies greatly 
in gametic constitution. In some cases, as in the Bombay Presidency, prac- 
tically pure types are grown whereas, in Bihar and >Sind,, it is largely made up 
of heterozygotes. 

Ill order to detemiiiie to what extent cross-fertilization takes place at 
Pusa, when the various types are grown next to next in. pure culture, the seed 
from unprotected flowers of the 1914 crop was sown in the case of four types 
and the progeny examined. The results are given in Table V from which it 
will be seen that about sixteen per cent, of the flowers were cross- and the 
reinaiiiiug eighty-four per cent, self-fertilized. 



Table V. 

Percenlage of crossing at Pusa in 1914. 



Total number 


Percontage of 
crosses 


Heterozygotes 





ifOWARl*, HO\\'AElJ AND ABDUR EAHMAN 


•2 tr> 


Since lOlD, many of tlie types of Indian safflower liave, been raised contin- 
uously at Fusa from tlie seed of protected Eowers and all crossing lias been 
preA^ented. No eAndence of loss of vigour from this contiruious self-fertiliza- 
tion has been observed. The growth has been robust, the plants have done 
well and no difficulties harm been met rvith in germmating the seeds. So 
far. natural crossing does not appear to be essential in maintaining the vigour 
of the crop. 

ni. CLASSIFICxiTION AND DESCRIPTION OF THE TYPES. 

Safflower is described in Field mid Garden Orojis of the Norih-Wetit 
Provmces and Oudh (I, 51) as follows : — 

A glabrous thistle-like herb with reddish orange flowers. Stems about 
2 ft. high, much branched above. Leaves .sessile, oblong lanceolate, with 
serrate aculeate edges or nearly entire. Flowers in large compact heads ; 
outer involucre, bracts leafy, ovate oblong, constricted above the base, entire 
or spinnlose, inner bi'acts narrower. Florets tubular, hermaphrodite or a 
few of the marginal ones sterile, tube slender, limb oblong. Anthers sagittate 
at the base, Achenes in., smooth, oboAmid, truncate at the top, ohli(p.iely 
4-angular, with four projecting ribs.” 

There are several references in the Indian literature to the occurrence of 
difierent forms of safflower. The great contrast between the A^arieties Avith 
spinose and entire bracts is noted by Watt in the Commercial Products of India. 
as well as the existence of A'^arieties AAotli yelloAV as opposed to reddish florets. 
He states speaking broadly, the oil-yielding forms are more spinose than 
the dye-yielding and have usually yelloAV coloured flowers, the dye forms being 
orange and even yellow tinted with scarlet.” Diithie and Fuller refer to 
the effect of high cultivation in reducing the spiny character of this crop. 

The earlier observers regarded the crop from the point of vieAv of systema- 
tic botany and no separation of the types from the mass of heterozygotes was 
carried out. This has noA? been done at Pusa in sufficient detail to give an 
idea of the range in form which exists in Indian saffloAA^er. 


Morphological Characters. 

The types of Indian safflower vary greatly particularly as regards the 
general habit, the leaves, bracts and florets. These facts render the classi- 
fication of the types and their description a comparatively easy matter. 
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Habit. Tlio great diflm-euces met with in general habit on the 

lieiiiht. on the angle at wliich the secomlary biunehew aia^ given otT and also 
on the point on the main stem where branching begins. The. range in he.iglit 
of the various types is considerable, the limits in 1911 luhng 100 and J 70 (mi. 
Tiic general angle at which tln3 secondary branches arise from tlu^ main stinn 
also shows a wide range from rather dwarf, spreading, weli-branch(.id plants 
to tall forms in which the ]>ranchcs are close to the stem. Ajrproximate 
measurements of these angles showed that the limits were 15° to do”. Tim 
liabit is also influenced by the point on. the main stem at which branching 
begin, s. The open, spreading forms begin to branch low on the stem, aliout 
5 cm. from the ground, while the tall forms of closer habit do not give <rlf 
their first laterals below fiO cm. from die base. 

Lm^'es. The large, lower leaves, udiich are always jii-acfically free from 
spine, s, vary greatly as regards the margin and the extent of division. 'Plm 
margin usually ranges from wavy to deeply dentate, while in some types tlie 
leaves are entire, in others they are divided almost to the midrib. .In the late 
type.s, fhe internodos near the base are very short and in tliese there ajipt'ars 
to be a tuft of radical leaves; in the earlier forms, the internodes are more 
evenly distributed. In all the types, the leaves dimmish in size from below 
upward.s and, in all cases, the upper leaves are more or less spinose. ! n some 
types, however, the spines are very small while in others they are highly 
devedoped and are both long and numerous. lu the massed habit, the diflVi'- 
ence,s in leaf-colour between tlie types become evident. The tone varies froin: 
light to a very dai’k green. 

Bracts. In the involucral bracts there is also a great range in form 
(Plate I), in all the types, the outer bracts are constricted above the base and 
are always ioliaceons and often spinesceiit. The basal, imbricated portions of 
the bracts ar<3 without spines but these are more or less developed on the foliar 
part above the constriction. There are great diftiirences among the types 
in the aizo, shape, indentation and degree of development of the spines of tlie 
foliar portions of the involucral bracts. Those types with spinose upper 
leaves devedop this character in the bracts, while in the almo.st .spimde.s.s forms 
the spines on the bracts are few and short. In some bypcis, the lower imbri- 
cated portions of the bracts are covered with soft white hairs, in others, thes(^ 
are nearly absent and the unopened buds look green. The hoary or green 
appearance of the capitiiiiun is a remarkably constant charac.ter ami one that 
has been made use of in classifying the types. 
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Florels. The colour of tlie florets varies from wliitisli to almost red 
(Plate 11). between these extremes, yellowish and slightly reddish inter- 
mediate types occur. These difierences arise fi'om the yellow and red colouring 
matlers in tlm floret and the degree to which the red colour- is developed can 
be seen Indli in the unopened buds and in the faded corollas. 

Classification or the types. 

L Outer bracts lanceolate, distinctly spinose. 

]. Bi-acts smooth, green. 

A. Florets white. 

Type 1. Plants tall, erect, leaves dark green, incised. 
Intermediate as regards time of flowering, very late in 
ripening. 

B. Florets yellow, not turning red on fading. 

Tirpe 2. Plants intermediate in height, spreading; leaves 
light green, incised, bracts long. Intermediate as regards 
time of flowering. 

Type 3. Plants intermediate in height, spreading ; leaves 
dark green, serrate. Very early. 

Type 4. Plants short, spreading ; leaves very light green, 
margin dentate ; bracts short and narrow. Very early. 

G. Florets yellow, turning to red on fading. 

a. Flo w'er buds yellow with a red dot on the apex. 

Type 0. Plants intermediate in height, somewhat erect ; 
leaves very dark green, dentate. Early. 

b. Flower buds yellow with no red dot. 

Type 6. Plants intermediate in height, spreading ; leaves 
somewhat liglit green, serrate. Very early. 

Type 7. Very similar to type 6, but the plants are some- 
what taller and later and the leaves lighter in colour. 

11. Outer bracts ovate to rounded, moderately spinose to spineless. 

1. Bracts hairy, wdiitish. 

A. Florets yellow, not turning to red on fading. 

a. Flower buds pale yellow. 

Type (S’. Plants intermediate in height, spreading ; leaves 
dark green, serrate. Early. 
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b. Flower buds deep yellow. 

9. Plants tall, spreading ; leaves dark green, alni<»,s(; 
spineless, serrate, Early. 

B. Florets yellow, turning to red on fading. 

a. Flower buds deep yellow. 

Type 10. Plants tall, very erect with long almost paralle] 
branches ; leaves long, dark green, almost spineless, 
serrate. Late. 

Type 11. Plants tall, very erect, branches shorter than in 
type 10; leaves dark green, spines few, serrate. Early. 

Type 12. Plants rather tall, somewhat erect ; leaves dark 
green but lighter than in type 11, serrate; early (latisr 
than type 11). 

Type 13. Plants tali, erect ; leaves long, light green, 
spines few, incised. Late. 

b. Iflower buds deep yellow with a trace of red near the apex. 

Type 14. Plants tall, erect ; leaves long, dark green, 
spines few, incised. Intermediate in time of maturity. 

c. Flow'er buds deep yellow, reddish near the base. 

Tyjje 15. Plants short, spreading ; leaves light green, 
spinose, serrate ; bracts spiny. Very early. 

Type 16. Plants intermediate in height, spreading ; leaves 
light green, spines few. Intermediate in time of maturity. 

d. Flow^er buds deep red with a yellow apical point. 

Type TL Plants tall, erect with long branches ; leaves da,rk 
green, nearly spineless, incised. Late. 

Bracts almost smooth, green, florets yellow turning to red on fading. 

A. Flower buds deep yellow. 

Type 18. Plants tall, branching above the ground, erect ; 
leaves long, somewhat light green, nearly spineless, deeply 
incised. Late. 

2. ype 19. Plants tall, erect, branching from the ground ; 
leaves long, dark green, nearly spineless, incised. Very 
late. 

Type 20, Plants short, somewhat spreading, very spinose ■. 
leaves small, very light green, serrate. Very early. 
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B. Flower bnds deep yellow witli a reddish apex. 

Type 21. Plants mtermediate in height, somewhat spread- 
ing ; leaves somewhat light green, incised. Late. 

Type 22. Plants tall, somewhat erect, leaves dark green, 
incised. Early. 

C. Flower buds deep yellow with a reddish base. 

Type 23. Plants short, spreading; leaves light green, 
serrate. Intermediate as regards time of maturity. 

D. Flower buds deep red with a yellow apical point. 

Type 24. Plants tall, erect ; leaves long, somewhat light 
green, incisions few. Late. 

Description of the Types. 

1. Outer hf acts lanceolate, dislincily spinose. 

Type 1. Intermediate as regards time of flowering but very late in 
maturing, height 137 cm., habit erect. Leaves 17 X 5 cm., incised, dark 
green. Inflorescence leaves lanceolate, spinose-serrate with long spines. Outer 
involucral bracts leafy, constricted above the base, lanceolate, spiny (spines 
long) ; inner bracts narrower, 3 x 1 cm. Florets white in mature hud or when 
open, fading to dirty white. 

Type 2. Intermediate as regards maturity, height 113 cm., habit spread- 
ing. Leaves 23 x 8 cm., incised, light green. Inflorescence leaves lanceolate, 
spinose-serrate with long spines. Outer involucral bracts leafy, constricted above 
the base, lanceolate wdth long spines ; inner bracts narrower, 3 X 1 cm. Florets 
deep yellow in mature bud, yellow^ when open, fading to brownish yellow. 

Type 3. Very early, height 118 cm., habit spreading. Leaves 22 x 6 
cm,, serrate, dark green. Inflorescence leaves lanceolate, spinose-serrate 
with long spines. Outer involucral bracts leafy, constricted above the base, 
lanceolate ■with long spines ; inner bracts narro'wer, 3x1 cm. Florets deep 
yellow in the mature bud, yellow when open, fading to brownish yello'w. 

Type 4. Very early, height 93 cm., habit spreading. Leaves IL X 4 
cm., oblanceolate, dentate, very light green. Itiflorescence leaves lanceolate, 
spinose-serrate with long spines. Outer involucral bracts leafy, constricted 
above the base, lanceolate with long spines ; inner bracts narrower 2-4. X 0'7 
cm. Florets deep yellow’- in the mature bud, yellow w^hen open, fading to 
brownish yellow. 
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0 . Early, hei-ilit 115 cm., habit spreading. Lemes 19 X 0 cm., 
cblaiiecolute. .lontatc. viny dark green. Ififlorescence hmes lanceolate, sni- 
aos.-serrate with long s]»ines. Outer im^oktcral brads leafy, constricted 
ebovr rlie base, hinccmlate with long spines ; inner bracts narrower. Florets 
deop yellow ill the, hiid with a red dot on the apex, yellow when open, fading 
(o orange red. 

Ti/pe. 0. Very early, height 145 cm., habit spreading. Lemes ^ X 6 
cm., oblanceolate, serrate, somewhat light green. Inflorescence leaies 
lanceolate, sjiinosc-seirate with long spines. Outer vnwhicral brads leafy, 
constricted above the base, lanceolate with long spines ; inner bracts narrower 
X 1 cm. E/o/yV.s- deep yellow in the mature biid, yellow when, open, fading 
to orange red. 

Type 7. Early, height 133 cm., habit spreading. Learns 19 x 5 cm., 
oblanceolate, dentate, light green. Inflorescence leaves lanceolate, spinose- 
serrate with long spines. Outer involucrol brads leafy, constricted above the 
base, lanceolate w-ith long spines; inner bracts narrower, 4'4: X I'l cm. 
Fiords deep yellow in the matnre bud, yellow tvheii open, fading to orange r(Kl. 

II. Outer brads ovate to rounclecl, 'moderately S'pinme to spineless. 

Type 8. Early, height 117 cm., habit spreading. Leaves 18 x 5 cm., 
oblanceolate, serrate, dark green. Inflorescence leaves lanceolate, spinose 
with short spines. Outer involucral brads leafy, constricted above tlie base, 
elliptical with a few^ short spines ; inner bracts uarrow’er, felted, 3 x 1 cm 
Florets pale yellow in the mature bud and when open, fading to a brownisli 
tint. 

Type 9. Early, height 148 cm., habit spreading. Leaves 21 x 5 cm,, 
oblanceolate, serrate, dark green. Inflorescence leaves lanceolate, almost 



entire with a few vei-y short spines. Outer involucral brads leafy, constricted 
above the base, lanceolate to ovate, with a few short spines ; inner bracts 
narrower, 2x1 cm. Fiords deep yellow' in the mature bud, yellow wdien 
open, fading to brownish yelhnv. 

Type 10. Late, height 162 cm., habit erect. Leaves 25 x 7 cm., 
oblanceolate. serrate, dark green, I rflorescence leaves lanceolate, entii'e with 
occasional short spines. Outer involucral brads leafy, constricted above the 
base, elliptical, entire with occasional short spines ; inner bracts nari'ower, 
felted, 2-5 x 1'6 cm. Fiords deep yelloiv in the bud and wdien open, fading 
to red. 


CIU.. 


T.'W it. Hally, height U5 om„ habit erect. 20 Xo_ 

„1, lanceolate, ileutate. dark green, l.^brescence iaam lanceolate, sp.nosc- 
aarratc with ahovt spinoa. Outer im-ofocmJ Irmls leafy, conatricted above the 
l,.„e ollilrtical. entire with occasional short spares; inner bracts nannuei, 
felted. Fh,-cl, deei.i yellow in the mature bud, yellow when ],tst open, lai nig 

to orange red. r in r 

rmmV’ Harlv. height 121 cm., habit somewhaterect. /,c«K.s 1. xo 

eni .^lanceolate, serrate, somewhat dark green. 

ceolLte almost entire with occasional short spines. Outer wcolncno. hac . 
If’ 1 flctcl above the base, elliptical, almost entire with occasioinl 
Itr't spii'iL : innc; bracts narrower, felted. Florets deep yellow in the mature 
bud, yellow when open, fading to red. , „ 

TmielS Late, height 1.55 cm., habit somewhaterect. /,««« 23 x o 
cm oblaneeolate. incised, light green. InPrescenee fcaccs lanceolate spin- 

o't’serrate with short spines. Outer ioeohteral hmcts leafy, constricted 
1 i-hft base obovate to rounded, with occasional short spines; mnei 
Lit narrower- felted. Florels deep yellow in the bird, yellow when open, 

fading to orange red. _ , .,^-.,.0 

Type 14. Intermediate as regards time of matnrity, heig it 
1 f, If pT-PPt Leaves ‘^2 X 6 cm., oblaneeolate, incised, dark gitui. 

5XcTrcr i«i« lanceolate, spinose-serrate with short spines. Outer *- 
lairhmck leafy, constricted above fte base. ^ ^ “ 

..ntire with occasional short spines ; inner bracts narrowei felted, riwets 
drop yellow in the bud with a trace of red at the ape.x, yellow when open. 

fading to red. _ _ , 

Tmie 15 Early, height 99 cm., habit spreading. Leaves lo X 4 cm., 
11 , .iilcte serrate li»ht green. Infloresceiwe Uttoes lanceolate, spmose- 
Im'rate with a^ few short spines. Outer mvolocral bmcls leafy, constricted 
\ ,1 1 Uiiponlate spinose-serrate with numerous short spines, inner 

the mature bud, yellow when open, fading to rod. 

Type 16. Intermediate as regards time of matuiity, height cm 
habit spreading. Leaves 18 x 5 cm., oblaneeolate, serrate, light gieen. 
]^ZTleaZs lanceolate, spinose-serrate with a few ^ 

irohcml hraels leafy, constricted above the base, lanceolate to elliptical, 
almost entire with occasional short spines ; inner bracts narrowei, felted. 
morels deep yellow with a red ring near the base in the mature bud. yellow 

wlion open, fading to red. 


ra WPIAN oiL»SEEr>s 


lieifflit- 107 cm., habit, erect. Leaves x b 
type h UitL. ^ T, (MB® olliptieai.rartii:.^. 

vdl,.^v^u« when opon, fading to a deep rol. .« v (i ,m 

ryp.i^. I-*;. 



in tlie matnie tad, yellow when open, failing to ud. 

Tnw 19 VcTY late, height 1G8 cm., habit croot. /!«»» •'0 X o i.n 
Ob— e,' incieeil. daeh 

;“X1- “ """ 

ia the mature bad, yellow when open, lading to rod. 

Tvpe 20. Very early, height 98 cm., somewhat spreading. Mieiw 
M t em.. oblancoolate, serrate, very light gi-een. tore., 

r.hte eoinoee-serrate with name, ■one spines. Outer ,,nwlum,l hraclp 
eircoiistriLd above the base, linear lauoeolato spiuose-serrate with 
numerous spines; inner bracts narrower, smooth. deep yellow ni 

the mature hud. yellow when open, fading to led. 

■ Tiipe n hate, height 128 cm., habit spreading. /«iw 20 x 0 cm,, 
obhnceolat'e. incised, somewhat light green. Injlomccce 1mm laneeola e. 
spinose-serrato with mimerous short spines. Outer mmhind hmds leaiy, 
eltrieted above the base, lanceolate, spiuose-serrate with numerous .spines; 
imier hraots narrower, smooth, Horc/s deep yellow m the mature bud with 
a'rcd spot on the apex, yellow without the red spot when open, lading to red. 

Tme 22 ISarlv, height 131 cm., habit somewhat erect. Jm 
19 X 6 oin., oblancoolate, incised, dark green. Inllomm,cc, Imm aiieeo- 
hte spiuose-serrate with numerous short spines. Outer n„:oM imcte 
leafy.'coiistricted above the base, ohovate to rmimled. s,.inosc, mner brans 
narrower, smooth. FMs deep yellow with a red spot on the apex m Ifie 
mature bud, yeUow without the red spot when open, lading to red. 

Time 23 Intermediate as regards time of maturity, height 10.) eim, 
habit spreading, icancs 19 X 6 on,., oblaiiceolate. serrate, light green. ./«- 
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pircscence leaves lanceolate, spinose-serrate '^ith sliort spines. Outer mvol- 
(laril hracis leafy, constricted above tbe base, elliptical, spinose-serrate with 
a few short spines ; inner bracts narrower, smooth. Florets deep yellow 
with a reddish base in the mature bud, yellow when open, fading to red. 

T/jpe 24. Late, height 156 cm., habit erect. Leaves 25 x 6 cm,, 
obianeeolate, incised, somewhat light green. Inflorescence leaves lanceolate, 
nearly oiitire with a few short spines. Outer involueral hracfs leafy, con- 
stricted aliove the base, elliptical with a few short spines ; inner bracts 
narrow^er, smooth. Florets deep red ■with a yellow apical point in the 
mature bnd, orange red when open, fading to a very deep red. 

I¥. ECONOMIC ASPECTS. 

As safflower is cultivated either for the oil in the seeds or for the dye in 
the flowers or for both, it is interesting to compare the oil content and tlie 
colour of the faded florets in the types wfflich have been isolated. The percen- 
tage of oil or rather the percentage of the seed extracted by ether has been 
determined In the Chemical Section at Pusa with the following results ; — 

Table VI. 


Oil content of the Ujim of Indian saffioim\ 


Type 

Date of 
appearance of 
first floM'er 

1 

' Weight in 
grammes of 
100 seeds 

Percentage 
of oil 

(Jolour of faded 
florets 

1 

2-3-14 

61 

13 86 

Colourless 

2 

23-2-14 

4*4 

26-86 

Light brown 

3 

16-2-14 

5'6 

24-12 

Brown 

4 

14-2-14 

3-9 

25 60 

Brown 

5 

23-2-14 

4-5 

27-26 

Red 

6 

23-2-14 

5-1 

26 77 

Reddish yellow 

■ 7 

20-2-14, 

5-0 

30-19 

Reddish yellow 

8 

23-2-14 

4-2 

24-00 

Light brown 

9 

23-2-14 

4’8 

27-99 

Brown 

10 

3-3-14 

4-2 

25-54 

Red 

11 

23-214 

3*2 

28-19 

Red 

12 

20-2-14 

5*1 

27-18 

Red 

IS 

2-3-14 

4-0 

24-43 

Red 

14 

25-2-14 

3’8 

27-19 

Red 

15 

20-2-14 

3-1 

26-42 

Red 

16 

27-2-14 

3-9 

25-72 

Red 

17 

9-3-14 

3-9 

28-64 

Deep red 

J8 

2-3-14 

4-2 

24-99 

Red 

19 

10-3-14 

2-8 

28-95 

Red 

20 

23-2-14 

4-3 

26-53 

Red 

21 

23-2-14 

2-9 

25-48 

Bed 

22 

20-2-14 

5'3 

20-77 

Red 

2S 

25-2-14 

34 

28-35 

Deep red 

24 

4-3-14 

3*1 

26-82 

Deep red 
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S'PnWIES IN IN33IAN OIL-SEEUS 


All cxiimiuiitiuji of the tiiLlo yliows that tlioro is no juiiagonisin hetsveioi 
high. oiJ-eoiitont and the full development of the .red coloiii'iug matte.r ns indi- 
cated by the faded florets. Oil-yielding and eokmr-prodiicing capacity n..]ipear 
to be independent of one another. Indeed, some of the tApes. such as 1 / and 
3-1- wliicli are high in oil, also develop a deep red colour in the, .(lorets. Tliis 
does not necessarily mean that these types will be the best yieklers. Cropping 
power depends on other factors in addition to the percentage of oil and the 
develonnient of the red colour. The habit of the plant, the development of 
root system a.nd the time of flowering and maturity influence yield to a 
\'ecy great extent. 

Ill order to obtain a definite opinion on the range in colour content of. 
I'cpresentative types, samples of flowers were prepared in the country 
fashion and submitted to Dr. Marsden, Tinctorial Expert to the Government 
of Madras. The flowers were picked before fading and afterwards pounded 
in a mortar with a little water. The soluble yellow substance was squeezed 
out and the residue pressed into a cake. These cakes were kept covered for 
a night, broken up and dried in the siin the next day. Twelve samples wu-ire 
submitted to Dr. Marsden, three of wdiich (types 1, 8 and 9) did not develo}) 
any red colour on fading. His report, dated May 3rd 1915, was as follows : — 
‘‘l am sending to-day, dyed hanks giving the comparative strengths of 
the samples of safflower forwarded to me. 

The method of treatment was the same in each case, a woigliod quantity 
of th.o flowers being taken and extracted with water .slightly acidified ivith 
acetic acid until the yellow colouring matter was almost e.atirely removed. 
.-Vs the washing proceeded, the residual flowers became bright red coloured and 
when the washings were but faintly coloured the extraction was continued with 
a measured, dilute solution of carbonate of soda. The flowers were leff: a dull 
drab colour by this extraction and hanks of bleached cotton yarn wei'o worked 
in the extracts and the dyeings finished by the addition of tartaric aedd. 

The shades are of the same tone in general, but No. 23 and Dacca are 
somewhat duller and bluer than the others. 

"With regard to intensity of shade, I would place them in the following 
order— Type Nos. 24, 17, Dacca, 20, 16, 23, 10, 12, 5. 

Nos. 1, 8, 9, contain no red dye. I have no tintometer with which to 
measure the absolute depths of shade but I estimate that type 24 i.s about 
eight times as rich in dyestiifl as type 5. - 

With regard to the value of the dyestuff this of course is a question of 
taste and market demand. The shade is delicate in tone, but it is also very 
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.curitivc and is oiangrf s« readily by varionsinHuonees (alkah, ^ ^ 

tliere can be no possibility oE the dye finding any application lu diieci io - 
iicb tlie market doinaiids any degree of resistance to these 

properties in this respect are so poor that it possessed no chance ot corapct ii 

Irith the first synthetic dyestnfi placed on the market which aOT™^-r>™ted 
to it in shade and now there are many which surpass it in b, alliance, fast- 
ness and general utility, so that I see no hope of it ever again coming ,n^ 
.lenoraliise The rhodamine dyes displaced it when they were first dis- 
c'overed, even thongh they were sold at 26 to 30 shiUings a 
price now being down to between one and two shillings, it is hopele^ to thiiA 
!f their use heiim given np when the tests show that 1 lb. of say rhodamiii , 
rayeingpowerl 100 lb. of saffiowei, and the inan.pnlatioii is 

easier.” 

The report brings out quite clearly the great range in colom content m 
the t™s vLch it would appear can be jnclged roughly by eye after the yellow 
!oioW matter has been Lracted. In spite of the fagrtive nature of he 
dye, it is interesting to find tliat it is still used m India and lias not yet be 
entirely displaced by syntlietic products. 

The chief value of the crop at the present time is undoubtedly the dl in 
the seeds while the colour in the flowers is only a secondary matter mere 
he cri is of sufficient importance, its improvement is a comparatively simpl 
matter^ Borm separation is clearly indicated as the method to be followed 
! ne the tvnes have been separated from the heterozygotes and studied 
and once ^ i, to compare the yields of all the likely 

lir" ^fsLh work, four main points have to be considered in selecting for 
yield-oil-content, time iriid 19 are S 

to yield bettorthanthetalltypcswithorowdedbranche ^ ^ 

inv and the period when ripening takes place arc also " 

inqirovcment of safflower by selection is not likely to ^ 

“ASA a. .1 . 1— M “ “ 

iinportaut step in the work. 


INDIAN MUBTAED (RAT). 
I. INTRODUCTION. 


Indian mustard {Brassica juncm, IT. f- & T.) is iairly oxtensivoly cul- 
tivated in the Gangctic plain, particularly in Bengal and. Biliar. In the Ihiitod 
Provinces and the Punjab, mustard gives place to rape {Ion or Iona). 
Accoi'diiig to Dnthie and Fuller,^ mustard is rarely grown a, lone in tiie 
Cnited Provinces but is sul)ordinate to wheat, barley and pons ami is usunlly 
restricted to the borders of fields. Watt" states iJiat mustard yields less oil 
than rape (one-fourth mstead of oue-tliird) to the weight of seed nml that, 
the oil is less esteemed as an a.rticle of food. The seed .is very genei-ally used 
in India as a spice to give flavour to vegetables and sometimes also !i.s a. 
medicine. 

The area nnder this crop in India is not given separately in the Aijnml- 
hnrtl Skitislics of India but is incliided with colza (fitirson) and rape a.,s “ rape 
and mustard.” The expoit of mustard, however, is given scpara.t(dy ami, in 
1912-1:1, amounted to 73,058 cwt.^ 

In 1909, a beginning was made at Pusa in the study of the oil scimI cro])s of 
India belonging to the genus Brassica. For tliis ])nrp<)se, I II samples of seed 
of these crops, which, had been collected from various j)ar(,s of India., w<u'e sown 
at Pusa. In nearly all cases, the samples were mixtures of varying ])ro]n)r-- 
tions of mustard, colza and rape. As it was not possible to deal simultaneous]}’ 
with all the forms of these three species which appeared in tlic cultiii'os, ty])e 
sepai'atioii was limited to the mustard croj). Self-fertilized s<;od of tliriM' 
hundred and ninety-eight single plants of rai was obtained at the harvests 
of 1909 and 1910. Many of the plants, however, proved to he lieterozygotes 
and most of these splitting cultures were rejccte.d. In 19M, one luindnMl 
and two distinct types, which bred true, .romahuMl. These 102 pure lines, 
which are all quite distinct in the field, form the material on which, our study 

1 Duthie and Fuller, Field and Ckirdm Crops of the Norih-Wesiern Provmces and UiuUi. 
vol. II, 188:^, p. 33. 

~ \f&ii, Commerdal Prollnets (yf India, 

- Annual Statement of the Sea-borne Trade and Nuinnalion of Bri! ish India, vol. I, 

: p,685. 
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o£ Iiuliau mustard is based. As tbe original seed was collected from a mde 

area and as many as 398 single plants were originally selectee in ; ^ 
evident tliat tlie Piisa cultures can be taken to rexE’esent acequa e„ 
botanical constitution of tliis crox>. 

The botanical aspect of the various oil seeds of Bengal and Bihar, behuigoj^n 
to the genus Brassim, has been studied in detail by Brain aiic ^ 
naturally form the beginning of any further work on these crops, 
uxi his account as follows : — 

“As regards the relationship that our three staple 
bear to the corresponding croxis in Europe, it mav e 
held 

(1) that mi (Brassim jmicm) is a crop not grown in Europe, at an} latc 
on a commercial scale, but that it takes the x^ace here of Bicissica inj 
Bmssica alba, which in turn are not grown in India , 

(2) that sarson {Brassica cam-pedris var. sarson) is a ciop not j^iown 
largely, if at all, in Europe, but that in India it takes the place bo^i of 
Brassica compeslris var. ole if era and Brassica IiajKi vai. ole if o a, 

turn are hardly ever met with here. 

(3) that iori {Brassica Najms var. dichotomy) seems to be the same plant 
as Brassica prwcox (summer rape) or if not the same is at least ^ry h<e 
and very near it and is undoubtedly tlie plant that in India ta ces ^ le p a 
of Brassica prwcox and of Brassica Napus var. dleifera. 

Brain concludes that rai or Indian mustard is the most impoitaiit oi 
the tliioo species of Brassica grown in Bengal and Bihai, and is met vi ^ ^ 

where “ except in Ghota Nagpur where it is practically unknown. ^ 
recognised hy having none of its leaves stem-clasping, and, after 
seeds, which are brown, can he readily distinguished from those 
Indian rape, by their smaller size, their being distinctly rugose, aiic ^ ^ 
dish brown all over. Erom sarson, which has white seeds or, less often in 
Bengal, brown seeds, it is ecxiially easily distinguished , saison seecs ‘ • ' 
always considerably, often very much larger, and even when lown a^ 
the seed coats smooth. 

Tbcie arc three sub-races, a tall, late Hud, and two shorter earlier 
kinds, one of these latter with bristly hairs, the other smooth with daihei 

coloured sterns.’^ 


^ Prain, The Agriculitiral Ledtjer, vol. V, 19Ul, p 1- 



ogg STUDIES m INDIAN OIL-SJSEDS 

II. BIOLOGY 0¥ THE ELOWEIL 

Elowebing. 

At first, tlie liowers I'orin short coiym'ba about 2-5 ciu, ioiii>; wln'U 
the hnvest iiowcr opcus after which the inflo.rescenc(; clougativs into a raceiiui 
from '20 to 80 cm. in length. The flowers are boiiie on pedicels, em-.ii. fi'om 
O’J to I'l cm. long, which are without bracts or bracteoles. As (In' li'iiil- 
ripeuBj the stalks slightly increase in length. 

The total flowering period varies considerably according to the curliness 
or lateness of the type. The onset of the hot winds at once terminates the 
dowering of all, late forms but does not ali'ect the early kinds as these have 
ripened most of their seed before the hot weather begins. Observations, 
made in 1915 on 21 types, showed that the flowering period varii'd from Vd (o 
64- days. Tlni earliest type coimncuccd to flower on November lOili, 19M 
and the latest on January 2nd, 1915. 

The flowers of the racemes open in acropetal succession. .As a rule, two 
to four liowers are open at once on each raceme and when the plants uj'(', in 
full bloom each may carry as many as ten open flowers a,t the Siuiie time. 
Most of the flowers begin to open from 9 a.m. to 12 nooji, ))ut some partly 
open up to 4. p.m. and a few before 9 A.M. They remain open for three, da-ys, 
fading gradually every day and on the fourth day the petals and sepals are 
shed. 

Pollination. 

In the bud stage, the immature stamens are always below the stigma. 
Before the flower opens, the style often increases in length and the sepals 
and petals expaiid just sufficiently to produce a small opening at tlie. apex 
through which the stigma is extruded into the air to a’ distance of 2 mm. 
As a nxle, the extrusion of the stigma takes place in the eveiung, and 
all such flowers invariably opeii the next moriiirig about 9 A.M. Tlui leugtli. 
of style extruded varies a great deal even in the same plant but in xnany cases 
the stigma does not grow out into the air but remains flush wit,h the opt'.niiig 
of the tube formed by the corolla. Observations on December 18th. 191 1 
showed that out of 3G flowers which opened the next day, 18 showed extriulcd 
stigmas the p.i-cvious evening. The stigmas arc receptive as soon us (licy 
reach the outer air. Soon after the extrusion of the stigma, two other changes 
take xilace-- the sepals begin to open and the corolla and stamens lu^gin (o 
gro w. The increase in length of the corolla is so raxnd that it soon grows pa si 
the stigma and this hitter disaxipears again before the flower opens the mixt 
morning. Just before opening, the filaments have carried the anthers almost 



PLATE III 







Mohari. 



Burmese Rai (Type 103.) 
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up to tho stigma (Plate III). Soon after tlie corolla opens, tlie fiiamouts 
of tile long stamens turn lialf round sotliat tlie pollen-covered surfaces of tlieii- 
burst antliers are turned towards tlie adjacent short stamens wiiicli have 
their pollen surfaces directed towards the style (Fig. 1.) At this period, the 



Fig. 1. Pollination by bees. 


nectar is secreted, particularly by the pair of nectaries on the inner side of the 
bases of the short stamens. Large bees in great iiiirabers visit the flowers soon 
after they are open. These insect.s, in searching for honey, always deal wuth 
one side of the flower first and insert themselves between the burst long and 
short stamens. The short stamen touches the under side of the thorax while 
tho long stamens toiicli the bee’s head and the stigma at the same time. The 
bee then passes over the stigma to visit the nectary on the otlier side and 
again comes bet\veen the other set of burst anthers touching the stigma again 
with the pollen-covered thorax. These arrangements are obviously’ effectivii 
in promoting pollination and it is clear that a certain amount of crossing 
is to be expected. The small bees which visit the flowers for the nectai' 
do not act in the above manner but take nectar from the side direct 
without passing over the stigma. All pollen-gathering bees, how^ever, move 
over the stigma and so bring about pollination. In the absence of insect 
visitors, pollination is effected by the long stamens, the upper portion of the 
anthers of wdiich bends towards the stigma so that any slight shaking of the 
flower by wund is sufficient to accomplish the transfer of pollen. I'liis is con- 
firmed by the fact that the flow’-ers set nornially under bag or under nets without 
any difficulty. 

NatUEAL CROSS-FERTILIZATION. 

Largo series of mi cultures have, on two occasions, been grown at 
Pusa primarily for the purpose of form separation. These cultures also afford 
evidence as to the occuiTence of heterozygotes in the ordinary crop. 
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]'u, ji){)9> 82 different single plants were sown. Of tliese, 65 bred true and 
27 gave rise to mixed cultures. Seventeen plants split with regard to the 
close 01 ,' o]»(‘,n ju'rangejnent of the pods' while 10 split into tall and short 
plants. 

In 1010, 31() additional single plants were selected from the produce 
of seed collected from many parts of India, In every case, the seed of these 
316 ])h,uits was raised under bag so that no crossing took place at Piisa and 
any Jietcrozygotes must have been produced in the districts. An examina- 
tion of these cultures showed that 174 were mixed while 142, or nearly 45 pin 
(.;ont., bj'od true. An examination of the cultures, which were not uniform, 
showed, that splitting took place in many directions such as hairy and smooth 
leaves, spreading and appressed pods, late and early ripening and lalliu'ss 
mid slioL'fcness. Thus out of a total number of 398 single plant cultures grown 
at Pusa, no less than 197 or 49'5 per cent, bred true. These figures iudicah' 
that crossing is not so common in mi as would be expected judging oidy 
from the structure of the flower and from the method of pollination. It is 
clear that in a selection such as this, primarily intended for form separation 
in which every t,ype is isolated, the results do not give any true idea of the 
proportion of natural crosses in the country crop. The method would favour 
the selection of heterozygotes as it includes every plant which appears a little 
different from the rest. 

In 1915, the seed of five types, obtained from free-flowering plants growing 
side by side, was sown and the resulting cultures examined for heterozygotes. 
The results (Table VII) give a fair idea of the amoimt of crossing whicii 
take.s place in any year when different types are grown in lines next to .next 
and when no precautions are taken to exclude the visits of insects. 

Table VII. 


Crossing in mi at Pusa in 1914. 


Type 

Total number 
of plants 

JSn inter of 
heterozygotes 

Percentage of 
crossing 

7 

307 

23 

7-5 

17 

235 

20 

8*5 

83 

241 

45 

18 •? 

91 

71 

24 

33'S 

2*26 D 

213 

39 

18-3 

Total 

1,067 

151 

Average HI 


These results show that in mu' self-pollination is the rule and that cross- 
pollination takes place to some extent. A study of the country crop shows 
' Mem. Dept. Agr. in India (Doianioal Series), vol. Ill, 1910, p. 318. 
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tiiat while heterozygotes occur, a large proportion of the crop breeds true. 
When pure lines are grown next to next and allowed to cross, the Pusa results 
of 1915 sliow that about 3.5 percent, of crossing takes place in any one year 
when a vtuy large number of types are grown next to next in hues. In the 
field, the ju-oportion of heterozygotes produced in any year would naturally 
be fa.r fewer than 3.5 per cent, as the opportunities for crossing between 
different types would be much less. These results agree with the experienc'e 
of von Kiimker,^ in the case of rape at Breslau, who states that in this cro]) 
self-fertilization is the rule while cross-fertilization is possible. 

As would he expected from the predominance of self-fei'tilization in mi, 
the continued propagation of the types from seed obtained from pi’otected 
flo^vcrs leads to no apparent loss of vigour. lu 1914-15, a careful comparison 
was made between plants raised from bagged and unbagged seed in the case 
of four types. The cultures were growm next to next and no differences in 
size or in vigour of growth could be detected. 

Hybridization. 

All the various types of Indian mustard cross freely among each 
other and also with the forms isolated from. Burma mustard meiitioned 
on page 268. Some crosses between various types have been carried t(.> 
the second generation when the following results were obtained. 

(1) When tall and short types are crossed, the Pi generation is in some 
oases taller than the tali parent, while in other cases it is intermediate, as will 
be seen in Table VIII in which the results of 1913-14 are shown. 


Table VIII. 

The inherilame of height in mi. 


Parents 

Height in 
feet 

Fi 

Height in 
feet 

Parent — Type 1 

Parent— Burma 226 D 

5-.5 

4 3 

Fi 

Type 4 x Burma S26 D 

6 

Parent— Type 4 

Pai'ent— Burma 218 

55 

5-8 

Fi 

Type 4 x Burma 218 

61 

Parent — Type 39 

Parent— Burma 226 D 

5-5 

1 41 

F. 

Type 39 X Burma 226 D 

i 6-0 

1 ' 

Parent— Type 39 

Parent— Burma 218 

! 54 

i 5-9 

Fi 

Type 39 x Burma 218 

6‘2 

Parent— Type 102 

Parent— Burma 226 D 

8-9 

4-4 

Ft 

Type 102 x Burma 226 D 

7-0 

Parent-Type 102 

Parent— Burma 218 

i 95 

5-9 

Fi 

Type 102 X Burma 218 

8'0 


'• Zeit.f. Pflanzenzuchtung, I, 327. 1913. 


STTIDIES IK INDIAN Olt-SEM 

Ui tlio first four crosses tlic Fi is taliertlian the taller parent ■wliiic in fiie 
last two it is intermediate. 

(2) types with close and spretidiug pods are (n‘og.s(H!, tlte (n'ogeiiy 

siiows that the close amngeinent is prevailing, 

(o) AVlieii Indian niiistards with divided leaves arc crossed witli the 
.Huriiia lornis with entire leaves, the Fi is intermediate while a series is obtained 
in the F..(Phite IV). 

(4) When late and (uxrly forms are crossed, the Fi is iuteriucdiate. 


HI. FOBM SEPAEATION. 

The forms of IndiaiT ra* so far studied agree wit! i the following gtmora] 
description of the crop which has been adapted from Pra.in’s account : 

A cold weather crop in the plains of India of iall, aiuuial, inucli-bramdied 
or spreadiiig her]).s from 90 to 285 cm. high aiid/Jo to 1 10 cm. across. liouf 
slender, tapermg, 15 to 35 cm. long. Leaves large, the bladiss of the basal 
from 15 to -IS cm. long, 8 to 20 cm. wide, sinuate-lyrate, tapeiiug to a stalk 
2-5 to 8 cm. b]ig, decreasing upwards ; ii])per leaves small. muTow, sessile, 
entire with a slight development of bloom oil the under surface. Intern, branch- 
ing from the fourth or fifth leaf upivards, all branches about as long as tim 
continued main stem and often again branching, iisuallv more or less tiiiget! 
with purple, especially near the joints. Fhwers in short corymbs about 

subsequently elongating into a raceme 
wO to 80 cm. long with nearly equal slemhu- pedicels 0-5 to ho cm. Ions, 
without bracts or bracteole.s, either spreading or appress(‘.d to the stem ^%-naJs 
.hgttly spreading O-D to 0-75 on,. lo.g, 0-1 to 0-15 c,u. ,si,le. g.oon.'tun.ing 
ycUowisll betoie lalbig. ComUn 1-3 to 1-8 cn. across ; petals ,vitb a pale 
green uarrorv ckw O'iO to 0-35 cu. long and a bright yellow, spreading, ,b,.' 
larly obovoid blade O'O to O S cm. long. Oo to 0-7o cm. across, i-Valved. 
fiat, including the beak fS-u to Ti cm. long, 0'3 to O'o cm. wide, beak iiaiTovvly 
conical 0-7 to 1-0 cm. long; valves convex, rigid, thinly leatherv, distindl'v 
boudeil opposite the soetls, with a straight strong midrib, prominent outside 
with rather strong prominent looped veins on each halt valve. Hml« about 
0 under each valve, spherical, brown, (iuely rugose ; hilum the colour of the 
remainder ol the testa : cotyledons yellow. 

tin. temperature. At I'iisa, in seasons when the Imtim lains fail in Octobm 
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and wlicii. sowing is carried out at the ordinary time in the warm soil, it is 
ribserved tliat the crop does )K)t remain long in the A^egetative condition but 
commences to shoot prematurely and to flower early. The yield of seed under 
such couditions is low. This abnormal development in such seasons can to 
some extent be prevented by cooling the soil by cultivation in October and 
by late sowing. Similar abnormal growth is seen in crops like yellow-flowered 
tobacco {N. rvdica) and .vcnwnnf they are sown too early and before the ground 
has cooled siifliciently. One of the chief uses of the hathia, rains in Bihar 
appears to lie to cool, the country low enough for the cold weather crops to 
thrive. 

The 102 types of Indian nmstard offer no great difficulty in classification 
provided this is based both on morphological and on field characters. Up to 
the clivision of the types into main groups, the classification follows the usual 
lilies. The precise distinction between the types however can only be fully 
appreciated in the field when they are grown in lines, next to next, under 
uniform conditions. In this ^ray, what may be called the massed habit comes 
into play and the small differences in the mode of hranching, in the size and 
tone of colour of the leaves and in the time of ripening becoim; added together 
and serve to distinguish, the various forms. In herbarium specimens, these 
distinctions would be lost. The labour of reducing them to paper is so great 
that no effort has been made to accomplish this exceedingly difficult task. 
Before giving the actual classification, some reference is necessary to the 
most important characters on which it is based. 

Position of the pods. In the majority of the types, the ripe pods stand at 
an angle of about 50° from the axis of the inflorescence and in these cases the 
pods can be described as spreading. In a few cases, however, and these do 
not seem to have been observed by Brain, the pedicels when ripe stand much 
closer to the axis at a general angle of from 5° to 10°. In these cases the 
pods are distinctly appressed. The position of the pods in the various types 
is very constant from year to year so that this character can he safely used 
in cla.ssification (Plate V). 

Hairs <>}i the leaves. In the seedling stage, all the types have some hairs 
on the first leaves but the range between the hairy forms and those which are 
nearly smooth is very great. As growth proceeds and the full sized leaves are 
(levoloped, these differences increase and when the plants have attained their 
full development, the distinction between the hairy leaved and smooth leaved 
types is well-marked, 
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Mode of hmncMmj. Tlie angle at wliicli tlie secoiiclaiy briuiclies }U'i,se 
varies considerably between tlie various types and is a d<‘4inite chara,cri‘j\ 
This expresses itself also in the breadth of the full-grown plant uihI, ])rovi(l(al 
the land on which tlie types are grown is uniform and provitUa! the innsnKv- 
ments are all taken at the stage when the plants arc! fully grown), the bi'cadi h 
measurements would express the general mode of branching. After the sinnls 
begin to form, thexilants bend over with the weight of the developing pods 
and this character then becomes less easily observed. 

Height. The height to which the types attain is very constant from year 
to year and this character is therefore of great use in the classilicai ion. It ('a.n 
most easily be measured by uprooting the ripe plants and measming them with 
the roots npivard. Height is generally correlated witJi tinn' of ilowei'ing. ddio 
tall plants are ahvays late while the dwarf types are always (’arly. 

Growth jmiod. The length of time between sowing and ripening is 
difficult to determine in Bihar as the onset of the liot weather is often so 
rapid that all late plants are dried up andnorniai ripening is t’mm injpossilde. 
An accurate indication of the growth period is obtaineil, bowevei-, by the 
determination of the time when the first floiver opens. This is earliest in 
the case of the rapidly maturing types and progressively later for the (all 
later kinds. 

Leaf characters. The types differ considerably among thoiiselves in 
details relating to the size, colour, and degree of division of the leaves. 
These dili'ereiices come out in the massed habit and hoi]) to distiiignish. tlie 
types in the field, but they almost defy description and. could, onl}' l;>c 
adequately dealt with actual drawings or photographs (Mato VI. ). 

The various types of rai wdiich have been studied can be classified o-s 
follows : — 

1. Pods appressed to the stem. 

1. Upper leaves distinctly hairy. 

Tyjjcs 1 to 6. 

2. Upper leaves smooth or nearly so. 

Types 7 to 10. 

U. Pods spreading. 

1, Upper leaves distinctly hairy. 

Types 17 to 69. 

2. Upjier leaves smooth or nearly so. 

Types 70 to 102. 
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THE RANGE 





ie Place of origin 

Vernacnlav name 

feel in 
1914 

- 

Time of now 

Bha^alpur 

Rai Bmari (stray) 

3-75 

Early 

Maidapnr (Darbhanga) 

Rai (stray) 

4-5 


Push 

i ' ’■ 

” 

.5-75 

0 


5 ' ■ : ■ 

„ 

4-7r> 

Intermedia to 

Pods appre.ssed to the stem ; upper leaves s 

mooth or 

nearly so. 

j Pnsa 

Sarson (stray) 

rt/.-i 

Early 


Rai 

4-5 


1 Shankarpm* 

> 


4.') 

” 

2 


5-2r) 


^ Pusa 


4-5 

’• 



3-5 

Intermediate 

> 


5-5 


Pods spreading ; upper 

leaves smooth or nearly so. 


1 Maidapiu’(Darbhanga) 

Rai 

3-5 

1 Very early 

B ' 


3-75 

1 .. 

0 i Dacca 

Black sarsoH 

33 


0 Patna 

Sai'isha 

4-20 

; „ 

1- Uanchi 

Latni 

3-75 

,, 

2 Piisa 

Rai 

5 25 


3 Semaria Ghat 

Rainchi 

4 '70 

„ 

4 Patna 

Rai 

4 25 

i .. 

0 Semaria Ghat 

Rninehi 

4-5 

i .. 
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The dotailft relating to the place of origin, the vernacular or other nanw 
oi the niixtnres from which the types were isolated, the heiglit and the time of 
flowering are given in the tables below. In cases where the type occurred, as 
II stray jdant in a mixture this fact is indicated. 

Pods appressed to the stem j upper leaves distinctly bairy. 
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im 


Votls spreading; upper* siiKtotli or netirly so. 


Type 

Place oE ovigiu 

Vernaculivr tiaino 

Height in 
feet in i 
1914 

'rime of Hew 

■ja 

Allahabad 

Luhi 

. 3'75 , 

Very early 

'27 


Sarson 

4 '5 

Early 

. -28 i 

Sultan pur 

Uni 

4'5 i „ 

29 


M 

r>*5 i ■ M 

;rD 

Benares 


5-75 , „ 

:ii 

Hand r pur 

Lahi 

6-5 

32 

P’atehpur 


6 i »i 

3.3 

Maidapnr (Darbhanga) 

llai 

r)‘7r> M 

34 

Rhahabad 

Lttlka tori 

6 1 . .» 

3.T 

Dumi-aon 

Jnbbnlpur mustard 

5-75 

Inter mediate 

3G i 

Pusa 

liiii 

5-5 

37 

- 


6 

39 

Bbagalpur 

Ral Bmari 

5'25 n 

40 

Dnroraon 

Jnbbnlpur mustard 


41 

Kliori 

Lahi 

4-75 


4-2 

Fatehgarli 


6 '75 


43 

.. 

„ 

5-75 

M 

44 

Pusa 

PiCii 

6 

Late 

, 45 


„ 

7 "25 


46 

1 ” 

„ 

f)'5 


47 



675 


48 

„ 

„ 

6'25 


49 

Sulfcanpiir 

M 

6 


50 

Agra 

Lain 

6'25 


51 

tlyderabad 

\ Mai 

6 -75 


52 

1 Mirpur-khas 

Rape 

i S 


53 

1 Dumraon 

Raipur mustard 

7-25 


54 

” 

Jubbnlpur mn.stard 

8-25 


.55 

1 Fatebgarh 

Lahi 



56 

1 Hamirpur 




57 

Delhi 

Black sarson (stray) 

, 
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.^■Kls Spreading ; upper leaves suiootli or nearly so. 


Type 

Place of orifjin 

Vernacular name 

Height 

in feet in Time of flowering 



.. 


1914 

58 

Shaliabad 

Lalka tori 

7 ’25 Late 

09 

Dacca 

Indian rape 

7-35 

50 

Meerut 

Black sarson 

6'5 n 

01 

Mirpur-khas 

Mustard 

6*5 t) 

■ 62 

,, 


7*5 ■ ■ ^ 

O:] 

Duraraon 

Raipur mustard 

7 

(U 

Aligarh 

Z«7u 

6 „ 

65 

Hoshangabad 

Mai 

6 

66 

Ahmednagar 

Mohari 

7*75 

67 

Meerut 

Kali sarson 

7*5 „ 

68 

Aligarh , 

Laid 

8 

69 


Kali sarson 

7 „ 

Pods spreading ; upper 

eaves distinctly liai 

ry. 

70 

Ranchi 

Taramira (stray) 

2*5 Very early 

. 71 , 

V, 


2*75 i „ 

72 

Oooghly 

Laid 

3*75 . 

73 

Ballia 

„ 

3-5 

, 74' 

Pusa 

Ral 

3-75 

75 

Basti 


4-25 „ 

76 

Allahabad 

Red sarson ! 

4 ■ ■ 1 „ 

77 

Pusa 

Mai 

4*5 Early 

78 



4*5 

79 


„ 

4*75 „ 

80 


„ i 

4*25 „ 

81 



5*26 

; 82 


M 

4*5 

81 

Kheri 

! Lahi 

0 ' , 

S4 

Pusa 

1 Mai 

4*75 ; „ 

85 

Patna 

.. 

5 i Intermediate 

86 

Benares 

„ 

5*5 

87 

Fatehpur 

Laid 

5-25' , ; n : 
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Pods spreading ; upper leaves dislnnetly liairy. 





Hoiffht ii) 1 

Type 

.riace of oriffin 

Voniaeiilar iiarno 

feet in i 
1911 : 

Time of llowerinf.- 

88 

Maidapui’ (Darbhan{:f.a) 

Ittti 

5 '75 

IntarjDediato 

Hf) 

Delhi 

JJlack sarson (stray) 

;'7 ; 1 ... 

90 

Patel) garh 

Lahi ' 

5‘75 : M 

1)1 

Allahabad 

Sar,w7i 

6 

92 

Bhagalpiir 

Red Rmari 

6 ■ 

f« 

Pnsa 

Tori (.stray) 

5*75 

Late 

91 i 

„ 

, Rui ; 

6 1 .. 

95 


i .. 

i»‘2r) ,, , 

Ot.) 

Kheii 

i lAihi 

f!'2.5 ! ,. 

97 

Ahmecinivffai' 

1 Afohari 

7 ' 

9S 

1 Aligai’h 

1 Kali sarson j 

7 0 , 

99 

! Dumraon 

Jnbbiilpur Dinst.avd 

6 

■ ■ 

100 

1 North Areot 

Mn.star(l 

8''25 

M 

101 

' ,, „ 


7 

M 

102 

1 .. 


9-5 

” 


Burma Mustard. 

In a single .sample of seed, from Burma, de.scribed as mustard, a good 
many .single plant selection.^ were made, all of wliicli gave mixed offspring. 
As these however .set seed I’eadily under bag, tliiiteen culture.s breeding 
true (Types 103 to 115) were obtained in 1914. These cultures exhibit a 
great range as regards leaf form. In some, the lower leaves are entire, while 
in others, they arc much divided and do not resemble any ordinary Indian 
forms of rai, tori, or sarson. The leaves also have a slight amount of bloom 
and a few hairs. 

These Burmese forms cross readily with the various types of Indian 
mustard. , In one case, where a very deeply divided Burmese type was crossed 
with type 60, the leaves in the Fi were intermediate while, in the F 2 , a greal; 
range was obtained Avhich is represented in Plate IV. 

The occurrence of theseBurraeseforms, with their curiously divided leaves, 
suggests the existence of oil seeds related to Indian mi which so far Inive not 
been described. The forms occurring in Burma ai’e probably relatial, to the 
oil-seeds of China. 
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Mohari. 

While tlie work of form-separation in mi was in progress, a number of 
cultures of a somewhat similar plant were studied. These were obtained 
from seed described as moJiari, from several })laces in Bonibav, and as asl 
rai and Multani mi from Delhi and Amritsar. The seed is smaller and more 
X>ungent than that of rafaiid is said to be used in many parts of India for 
pickling purposes under the name of asl ml. 

Theplant appears to be an early form of Bmssica nigra, Koch. The 
flowers of moJiari are SGlf-sterile so that the crop consists of a mass of 
lietcj^ozygotes in which form separation is impossible. 

So far, ail attempts to raise seed by crossing moJiari noth rai pollen aiid 
■rai with moliari pollen have failed. 

IV. SOME ECONOMIC ASPECTS. 

In the present state of our knowledge of the mustard crop in India, it 
is clear that the only line of improvement worth striving for lies in the increase 
of the yield of seed. Questions of quality do not seem to arise and there are 
no indications in the literature wdiich would lead one to suppose that any one 
form oi rai is better than another either for local consumption or for the export 
trade. . 

The numerous types of rai, isolated at Pusa, differ very greatly from 
one another, both in time of ripening, in size, and in yielding power. There 
is every gradation between the dwarf, early-maturing forms and the taller 
robust kinds, characterized by greater yielding power. This great variety 
of form, obviously suited to a wide range of conditions, indicates that methods 
of form-separation or selection are the most likely to yield results of value 
in the work of improving the crop. Nothing w'ould appear to be gained by 
hybridization until the great possibilities in selection have been completely 
exhausted. In this respect, m is no exception to the rule. In the case of 
practically every crojj in India, a botanical survey of the existing forms, accom- 
panied by suitable methods of form-separation, should always precede any 
hybridization work. It is only where selection has failed to yield the desired 
improvement and where a type has to be synthesized for a paiticular purpose 
that hybridization becomes essential. In rai, a certain amount of natural 
crossing is constantly taking place in the field between the various forms 
leading to fresh combinations of factors. If, therefore, the selection work is 

, 3 ■ 
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fried miton a mfllcieirtly broad basis, tho new types produ..ed are abnoBt 
r..<sri,n.ni to bc seoiiied ill tlie yiroeoss of fomi-sepa, ration. 



\a tlie floweriiii! period in »'«» is somewlvat abort, iiic ciuest.on oaHually 
•aisea wlietber a single pure line, bowcw excellent, is better m tbo king ni r 
ihan a iudicions artificial mixture ol types, tbo combined llowern.g period 
ol wliiob is longer tlian that of tbepi™ fine. Besides tbe msumnee against 
tbe weather aBorded by extending tbe flowering period, a mixture ol typos 
would appear to have two other advantages. Crossing woidd take place 
between the forms leading, in many oases, to mcrcased sme and vigoiii. 

addition, a mixture of forms of slightly difierent habit might Ml up 
the available space, both as regards the range of the root system and as 

re»ards the above ground portion of the crop, to greater advantage than 

■,°™reline. This is a matter for further experiment but it is obviously 
which should be kept in mind particularly in those Indian crops 
no (luestion of quality is involved and where yield is the chiet 

consideration. 

The seed supply in improved crops like mi, where the seed is not parti- 
oLilarlY valuable, and where nateal crossing takes place is a matter of some 
importance to an Agricultural Department. Each plant sets a ^^latijely 
quantity of seed and it is impossible in practice, on account of cost, to 
protect the seed crop on the large scale from foreign pollen. Total replace- 
of the existing crop in any area by an improved kind or by an improved 
mixture is obviously the only line of progress. For this to bo olteotm, it 
is clear that there must be a central farm, producing a largo bulk of seed every 
year, together with an efficient agency, worldng among the people, with this 
farm’ as a centre. In the absence of these arrangements, no i-eal economic 
results are likely and it is questionable whether the preliminary work of 
improvement, in such crops as Indian mustard, is worth while unless the 
moans of pushing the work to its natural conclusion in the villages are certain 
to be available. 

In the case of rai, the replacement of the country crop by a superior 
'ietv will have to contend with difficulties apart from the question of central 
organization in the Districts. '^l.Iiese diffioulties 
seed and with the fact that the seeds of fai 
gi’ouud in a viable condition and germinate, a 
The land becomes self-sown with mi, not only on 
splitting of the pods at harvest time, but also on account of 
in the case of these types wliere the pods are 
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closely appiessod to tlie stem (Fig. 2). There is a very good example in the 
Botanical area at ihusa of land self-sown with rai. Four years ago, a phh} of 



Fig. 2. Shedding ofipods in rai (Type 1). 


wheat with weak straw was sown with mi to ascertain whether the standing 
power of the wheat would be improved. At harvest time, a certain amount 
of the mi seed was shed. These seeds are brought near the surface again 
at so'wing time in cultivation and every year a considerable number germinate 
in October and have to be removed. After four years, the number shows no 
diminution. In areas which grow a good deal of m% similar self-seeding 
is almost cei-tain to be taking place continually. If, therefore, an attempt is 
made to replace the mi crop by a better type in such areas, it will be 
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im}>ossil)le to keep tlie now kind pure oven if the country crop is rrjplucsid 
systematically by pure seed from- u, central birni, Tlio Jiow vurif^ty will lui 
immediately contaminated by tlie self-sown, seed of the oj'i^dnal (;ih>}> ajid 
complete replacement would be tlie work of years. 

Variety trials in rai on a field scale are not easy and are only ])ossibl(’! 
at a well-equipped station. The contamination of the cultures t/hrough 
vicinism is bound to take place and seed raised from such plots cannot be used 
again with safety. Such trials therefore involve the production of soK-fer- 
tilized seed in large quantities. Shedding of seed readily takes place at 
harvest so that reaping has to be carried out just before the plots arc ripe. 
This involves the keeping separate and the safe storage of the din'erent plots 
for some days during the drying process, a matter of some difliculty in the 
case of a bulky crop like mi. 


Quetta, 
Juno 23, 1915. 
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ON THE INHERITANCE OF SOME CHARACTERS 
IN A¥HEAT. II. 


l&Y 

ALBEET HOWAED, M. A., C. I. E., 

Tmp&ricd Ecmomic 

AND 

GABRIELLE L. C. HOWAED, M. A., 

Second Imperial Econmiie Botanist. 

The investigations, described in this paper, form a continuation of the 
earlier results on this subject published in 1912.^ Two characters only are 
dealt with, bearding and felting. For the sake of clearness, the preliminary 
results on bearding, which appearedln the former paper, have been shortly 
recapitulated. 

I. The Presence and Absence op Awns. 

A study of the literature on the inheritance of awns in wheat is rendered 
somewhat difficult by the fact that previous investigators have not worked 
with comparable material. They have not used, in all cases, true beardless 
wheats for the analysis of the fully bearded character. WTieats with short 
awns as well as those absolutely beardless have been described and employed 
as “beardless ’’ parents. It is hardly surprising that, under these circum- 
stances, the results have varied and that some controversy has arisen. 

The earlier results are summed up by von Tschermak in Die ZilcMmig 
(ler lamhvirtschafllichen Kuliurpjkmzen. Bifien, Wilson, Schribaux and von 
Tschermak found that the beardless condition was dominant and that the 
lA generation was composed of bearded and beardless plants in the simple 
ratio 3 : I. Tn some eases, the ratio fully bearded to half bearded and beard- 
less in this generation was 1 : 2:1. Nilsson-Ehle found, however, that 
the beardless condition was not absolutely dominant. Von Tschermak 

1 Mem. J)epi. Agr. in India {botanical Series), vol. V, no. 1, 3.912, 


iNSIRfliTANOIC OF SOMiS CUlAUA(!'ri-]US IN WUKAT 

„l,s.-n-.:-l ii, iR .'fo^sins R hoaiilcl .huI 1.«.v,11.w wIiohK Hki-i ll.- 

iH.avd«,l cnmliti..,, ,.ntw«ly lose.. f * 

r.russiuy two b(av.llcss wheats, obtained m tJle h-j .a le'' l>ee"i';< ^ 

bredtrae. Saiindeis> in Iflnn euinbated the ai,akmient that, i.lie lirst e.a.e a,t.< i 
hoiAfficn a hoardlAss and a beardoa. is a,ixA..,)b k.mu ^ ^ 

that the nm.rant of beard ing m the 1 1 yanca wi1. r • u. w i&i * ■ ' ' ^ 

hb, a series o! torn.s, whieh defiri classification, w.ae obtained. Apiiaiontli 
thft snbjo^d'. Avas noli .followed any fui'ther^ 

In oiir iiivestigatioua at Piisa with .Indian ivhoata, ihe inhei'itonce of 
tlio fully bearded character has not been simple. In erosso.s between 110^ ts 
and what are usually described as beardless wheats, two very distinct pheno- 
i.ieii.a have been observed, fn one aeries, the pUmls in the h’l were disiuirt ly 
iiitormodifilo and worn iialf hoanlod, whilo .in tlio otlior only voi} on 
to file glnnios oociirml. Tliese (lilforeiiciiH iii ilio vvoio (Oiioatu am 
. litloreucoB in iiho l)oardl«BH pa,routB. lu tlio .Imst eaBo, i ho bouadlosB pnronl. 
had sliort, tips to tlio glunioB wliilo in tho Booond it waw abyoluioly InsardlosH. 
In tlio following, these two classes are dealt with sepaiatcly. 

Bearded X Tipped. The half; bearded .li'i gonei:atio.n occurred in four 
crosses lietwcen bearded mid beardless wheats and the results {Plato 1) di;ffe,i; 
entirely from those illustrated l\v Pin'ou and Wilson in voL 1 <>,1; the Journd 
of AcjHeuUuml Sciencr. The four crosnses with nn intermediate Fi all broke 
up in tho Fo into fully bearded, half bearded like the Fi and planl s with tipped 
glumes in the ratio 1:2: 1 • Tliero was no difficulty in distinguishing thes<^ 
classes which iverc very distiuet the one from tlio other. The details relating 
to the 2,83G Fo plants of these four cj'osses are given in the following table 

Table ,1. 

The F -2 genera lion of crosses heiween bearded and (ifjied iMi'cds. 


BXI 77 9 < HI 2 
Hla 9 X, BXI 77 


Total 

Expectation 



1’2 

Geskuation 




riiuiis 

Deardecl 

Inter- 

mediate 

ripped 

Ratio 


191 

17 

105 

12 

l-l : 2-5 

1 

227 

233 

07 

52 

11 :3 

11(5 

17 

1)5 

I'l ; 2-1 
•8 ; 1‘8 

1 

1 

253 

(52 

123 

08 

‘9 ; 1-.8 

! 

907 

228 

. 157 

222 

1 ! 2-1 : 

1 



/fiS'r, 

i*2<>‘75 




p. 370 , 


r Saunders, Report of the Third Iniern^ilional Gonference, lOOlJ, on (hneiics, .LontUiii, |.U'f7 ., 
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Intermediate 


Table l.—{contd). 


The F 2 gencraJion of crosses between bearded ami Upped parents. 

Fo Guskkation 



No, of 
’lants 

learded 

Inter- 

mediate 

ripped 

R 

ATiO 


(1) 

137 

vau ,i!i ... 

31 

IT 

2 1) 

1 

(‘h 

UlO 

54 

89 

17 

IT 

1-9 

1 

(:■!) 

ISo 

48 «i 

^ 1" S7 

r»*j 

•9 

1-T 

1 

(4) 

117 

?>2 0 

> ll!> 55 

;io 

IT 

1-8 

1 

(A) 

175 

48 

’ 89 


J'3 

2*3 

1 


804 

215 

391 

198 

IT 

21) 

1 



201 

.’f02 

201 




•>r. 

1,022 

241 

528 

250 

1 ; 

2T : 

; 1 



Joo'o 

dll 

Sdd-d 




(11 

i:i3 

42 

58 

35 

1-2 

115 

1 

m 

215 

62 

98 

55 

IT 

; D8 

1 

(3) 

17S 

58 

81 

39 

1*5 

: 2T 

1 

(4) 

07 

24 

49 

24 

11) 

; 2-0 

1 

(5) 

179 

47 

85 

47 

1-0 

1 1-8 

1 

(6) 

201 

60 

90 

5! 

1’2 ; 

! 1-8 

1 


],oo:i 

293 

459 

^251 

1'2 

: 1'8 

: 1 



2o0-7't 

mi'd 

2diid.l 





Pinija,!) Type 0 (a) 9 


HID 9 Punjab Type {.((«) J 
TO'I’AL 
Exp('ct,ation 


Expectalion 
American Club 9 ' Tu'^a il 


Total 

ExiKCtaUon. 


Ill one of these crosses (Punjab Type 9 x Punjab Type 25), a large number 
of the three kinds of lb ])lants were grown and the F3 generation examined. 
All the fully bearded plants and those with tips bred true, while the half 
bearded plants again split up into fully bearded, halt bearded and tipped 
plants in the ratio 1:2:1. The details relating to thirty-one of these cul- 
tures are given in the followiuir table : — ■ 


Table II. 

The F‘^ generation of a cross between bearded andtipjied parents. 

BEAUUINU in tub F3 CiRNEUATION 


Plant 

No 

i3oardin£f in i ‘2 
parent 

iSio. of plants 

Fully 

10 

Fully boarded 

Ojr, 

boarded 

31 

do. 

90 

91) 

218 

do. 

77 

77 

233 

do. 

71 

71 

.319 

do. 

SI 

81 

409 

do. 

74 

74 

470 

do. 

122 

122 

499 

do. 

S7 

S7 
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Table ll.~~{conf(0. 

Table (/eneniliua. of a hclweea- bearded and lipped pan'iil.'^. 


HUAliDiNG IN 'I'lJJi F;i GUNEIUTION 


Ilant 

Beaniiaf' in j-’-j No. of plants 




,, 

:XO 

parent 

in F.i 

Fully 
beard Oil 

Intcniiediate 

Tipped 

Droiight forwnrd 

679 

679 


... 

(Ml 

i’’nlly lieartled 

139 

139 



Gii> 

do. 

122 

122 



924 

do. 

132 

132 



0”) 

Tipped 

7.0 



75 

las 

do. 

99 

... 


99 

.->01) 

do. 

102 

... 


102 

r.6!j 

do. 

rni 



115 

r.82 

do. 

Ml 



91 

787 

do. 

91) 

... 


96 

.S5:{ 

do. 

9i 



91 

94(1 

do. 

SS 



8S 

1001 

do. 

113 



M3 

l(»2(j 

do. 

91 



94 

1 

Interraediiitc 

()(J 

16 

td 

IS 

4 

do. 

19 

15 

27 

7 

30 

do. 

93 

21 

49 

•23 

7o 

do. 

86 

19 

41 

2(3 

79 

do. 

(52 

14 

27 

•21 

ISi 

do. 

(53 

18 

33 

12 

.“17 

, do. 

83 

17 

43 

’23 

S68 

do. 

70 

li 

31 

•24 

401 

do. 

90 

29 

3S 

•23 

46S 

do. 

77 

19 

12 

IB 

4Sl 

do. 

66 

15 

34 

17 

.107 

do. 

70 

17 

35 

IS 

023 

do. 

51 

12 

2S 

11 

760* 

do. 

62 

IS 

27 

17 

.803 

do. 

66 

12 

39 

15 

SIS 

do. 

SO 

17 

46 

17 

S63 

do. 

55 

16 

23 

1(5 

911 

do. 

SO 

20 

46 

•23 

973 

do. 

SO 

20 

44 

16 

990 

do. 

67 

14 

3( 

1.5 


Tox’.vn 

1,419 

344 

717 

358 


Esiiectation 


3ijp7o 

700-O 

■‘'■’iphl 


Bearded x Beardless. The crosses between fully })eui'<lcd ami absolutely 
beardless parents, in which the Fi genej-atioii M-as almost beardless, will now 
be considci’ed. This M’as observed in the pure lino cross betwiubu Pusa 22 
(boarded) and A 88 (entirely beardless). The Fi, at first sight, seemetl beard- 
l(3.ss but on close exarainatioji very short tips could be distiugiiishcd. in th (3 
i'a, a series of forms was produced which could be grouped with soinedilliculty 
into fully bearded, nearly iully bearded, half bearded, Itnig tips, sliort tips, 
and beardless (Plate II). If all the variously bearded and tipped plants 
are classed as beaj'dcd, which would seem to be the best method, the ratio 
bearded to beardless obtained is 15 ; 1 and the presence of two factors is 
indicated. The details relating to the Ib generation are given in Table 111. 
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Table 111. 

1 he Fi general ioii of ctmse/^ hchveen heanlcd and quite beardleiss pa rents. 


BEAliDIKG IN THE F-j GkNEUATioN 


(.'liOSS 


No. of 
plants 

Fully 

boarded 

Almost 

fully 

boarded 

Half 

boarded 

Tips of 
varying 
length 

Beai dUi.ss 

A 88 9 Pusa 22 J 

(1) 

HiS 

12 

11 

19 

117 

!l 

:: 

(2) 

247 

258 

15 

16 

11 

20 

28 

81 

173 

174 

17 

17 

Pusa 22 9 A 88 J 

(4} 

117 

5 

11 

17 

76 

S 


(5i 

106 

10 

12 

29 

133 

12 

TOTAli 


[i8(j 

61 

65 

12t 

073 

63 

Ratio 



1 

1 

2 

10'7 

1 


It was suggested, in tlie previous paper, that the simplest explanation 
of these results appeared to be that, in the bearded parent, two factors are 
present, one capable of producing short awns or tips only, the other, when 
added to this, resulting in fully bearded plants. On the presence and absence 
hypothesis, the results of the various crosses would be represented as follows. 
A.ssuming the fully bearded parent contains two factors B and T (B represent- 
ing the long and T the short factor), the tipped plants contain only one 
factor T, while the absolutely beardless plants contain neither, then — 

1 . Fully bearded wheats would be represented by BBTT. 

2. JPlants with tips only would be represented by bbTT. 

3. Absolutely beardless plants would be represented by bbtt, 

4. The cross P 22 x A 88 between a fully bearded parent (BBTT) and 
a beardless (bbtt) would give BbTt in tlio Fi, while the F^ would be 
represented by the formula : — 

BBTT + 4BbTt d- 2BbTT 4 - 2 BBTt + bbTT + 2bbTt + BBtt -j- 
2 Bbtt + bbtt. 

To place the matter beyond doubt and to isolate if possible the two 
factors, the cross was continued to the F 4 generation. 

In the F 3 , as many as possible of one of the sets of Fo plants were grown. 
The second set in Table III was selected and out of the whole 247 plants, 23(J 
were found to have ripened suflicient seed for sowing. Of the seventeen 
remaining plants, one was described as fully bearded, two as half beardetl 
while fuuiteeu ^vore tipped. Four distinct classes of plants gave uniform 
(uiltures in the F 3 — fully bearded like P 22 , cpiite beardless like A 88 , plants 
with long tips and plants vdth short tips. These two classes of tipped plants 
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provLHi. to ]je tlic two coDstitiieiit factors of the fully ])oardcd character. 
Sonic practice is required in distinguishiug them. lu tlie long i ipjxal plants 
(Plate VI), the beards are only foiiiid at the tip of the car where one is often 
much longer than the rest. In the short tixaped plants (Plate VJT), tlm beaixls 
are more or loss the same length and are generally uniformly distri!)ute<l 
over tile upper two-thirds of the ear. If these two sets of tips arc exainiuod 
closely, it will be found that the short factor serves to distrihnte the found- 
at ions of the bearding over the whole ear, while the long factor acts as 
an intensiiier. Besides the four sets of cultures which lired true in the 
pb, live dillorent kinds of s|)littmg could be distinguished. Fifty-bnir 
cultures resembled the F 2 and gave ail stages from bearded to beardless 
in the xnoportioii of about 15 bearded to 1 beardless. Out of a total 
of 2, .540 x>lants, there were 174 fully bearded and 159 quite beardless. One 
set of cultures, S3 in number, split into tbroe well dolined (dassos- fully 
bearded, half bearded and long tips ui the jnoportion 491 : 974 : 407, thus 
indicating tlio ratio of 1 : 2 : 1. There was a corresironding group of 22 
cidturcs which split into three groups—long tips, intermediate and beardless 
in the proportion of 292 : 580 : 233 which also indicates the ratio of I : 2 : 1. 
There wore also- two similar series of splittings, in which the short-tijipcd fact<,n' 
was concerned, in both of which the 1:2 : 1 ratio was appu-rent. (Phe iirst, 
of these between fully bearded aiid short tij)s occurred in 40 cultures hi wliicli 
the propurtioj) of fully bearded, nearly bearded, short tips was 510 : 1007; 
494-. The sec-ond, between sliort tq)s and beardlos,s, was re|,)Tesentcd by 24 
cultures in wliich there were 240 short tips, 551 ijitormcdiates and 201 bear<l- 
Icss. The last four of these .series arc illustrated in Plato Til. T!),c iutciMiiei- 
diates betwceji long tijjs and beardless and between short ti])s and beardless 
can be distinguished. In the former, the long terminal tij) of the long tixiped. 
factor occurs about half -developed. In the Fi between short tips and beard- 
less, the beards almost entirely di.saxq3ear and can only be distinguished 
after some ]3ractice. 

When the above tables are compared with Table III, it will be seen that 
the rough cla-ssilication of the Fg into 18 fully bearded, II almost fully hea i-dcd . 
28 half bearded, 173 with tips of varying length and 17 boardhNss w.-is oot 
quite accurate. The ears of the F 2 were examined at harvest tinoj wJicn it. 
is exceedingly dilllcuit to prevent damage to the awns in t he dry heat, wiiicli 
Xirevaiis at Pusa at this period. Of tlieseventeen x^Iauts de, scribed iis bcai’diess 
in 1912, twelve gave rise to uniformly beardless ollsxJring whih*. live sjilit 
from short tix>s to beardless. Before the xdants wore examined in 1912. 
the short tips of these x^hmfcs must have suffered considerable damage, Iright- 



1’able V. 


The F‘,] ffe)i,erafion of a crofis hefween a fully hmrded and <i quUe beardless ‘plan/.. 

BEAUniN'fi IS THE IV GENKUATION, li>lo 


E*lani; no, 
in F.,, 
1912 

Roardin<.i 
in J-.i 

No. of plantf! 
in F., 

Fully 

loarded 

IVBTT 

Minuto tip.s 
Rbl't 

Half 

bearded 

BBTfc 

Nearly 

bearded 

BbTT 

Long tips 
HBtt 

Minute tips 
Bbtt 

Short 1 ip i 
bbTT 

Minute tins 
bbTt ' 

Roardlesf; 

bbtt 

4' , 

Tip.s 

68 

4 








3 


do, . 

39 

2 









8 

do. 

39 

3 








i 

^ ■ 13" ■■ 

do. 

,55 

4 




■■ 





: ,17 

do. 

■,'21 , 

■■ ■ ■ 5 








■ 1 ■■ 

•20 

do. 

42 . 

n 








4 

25 

do. 

V 

3 








1 

20 

do. 

54 

3 








3 

27 

do. 

82 

3 








I 

30 

do. 

25 

3 








1 

S2 

do. 

28 









1 

35 

do. 

16 

0 








1 

40 

do. 

,55 

2 








1 

43 

do. 

50 

3 








3 

49 

do. 

49 

■2 








9 

f6 

do. 

31 

1 








: 0 

57 

do. 

25 

0 








2 

73 

do. 

46 

3 








3 

74 

do. 

51 

2 








6 

86 

do. 

47 

3 








{) 

87 

do. 

50 

2 . 








3 

91 

do. 

65 

9 








3 

99 

do. 

57 

5 








3 

108 

do. 

62 

4 








3 

111 

do. 

112 

8 








4 

113 

do. 

24 

0 








2 

119 

do. 

52 

5 








3 

121 

do. 

66 

2 








■ 4 

■ 131 

do. 

57 

4 








4 

138 

do. 

54 

0 








3 

139 

do. 

38 

0 








1 

153 

do. 

53 

7 








5 

156 

do. 

42 

3 







... 

■ '5 . 

159 

do. 

.58 

7 








4 

160 

do. 

67 

3 








■ 4 

162 

do. 

, 75 

■ 5 








■ 5- 

170 

do. 

74 

5 ■ 








3 

175 

do. 

65 

4 








6 

182 

do. 

58 

3 








■,4 

189 

do. 

51 

3 








■5 ■ 

190 

do. 

78 

3 








6 

193 

do. 

54 









3 

195 

do. 

71 

7 








3 

197 

do. 

67 

4 








3 

200 

do. 

61 

4 








5 

204 

do. 

26 









2 

205 

do. 


1 








2 

210 

do. 

46 

6 








7. 

212 

do. 

'> 

1 








2 

217 

do. 

23 

2 








1 

233 

do. 

0 ") 

•2 








1 

234 

do. 

82 

3 








4 

237 

do. 

56 

4 








4 

2-16 

do. 

.58 

7 








4 


Total 

2,540 

174 








159 

(Omitting nos. 25, 205 & 212) 
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^,540 

loS-S . 
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Table VI 


The F‘i ijemration of a cross between- a fully bearded aud a- q'uile beardles.s plani. 

BkaKDINu in the If.. GicNEKATION, 19KI 


Plaat. no. 
n Fgi. 


1912 




Fully 

lie^rded 

BBTT 


Minutci tips 
BbTt 


Half 

boarded 

BBTt 


Nearly 

boarded 

BbTT 


Lono tips Miuntu tips .Short tips 
BBW 


Minute tij.L- 
hb'rt, ■ 


Beardless 

bbtt 


11 


21 

ti 



10 

5 



it; 


36 

8 



21 

. 7 



21, 

do. 

81 




38 

18 




do. 

59 

16 



. 28 ■ ■ 

15 



•It; 

51 


54 

12 



27: . . 

.. ^ 15 




85 

27 







M 

. . do. 

81 

20 



43 

IS 



76 

do. 

56 

11 



34 

11 



iiti 

do. 

59 

19 



29 

11 



85 

do. 

76 

22 



36 

18 



90 


63 

14 



34 

15 



lt»l 

do. 

72 

19 



35 

18 



106 

do. 

71 

12 



39 

20 



114 

do. 

30 

4 



47 

9 



115 

do. 

61 

16 



35 

10 



118 

do. 

60 

14 



31 

15 



126 

do. 

28 

5 



13 

10 



152 

do. 

29 

4 



17 

8 



158 

do. 

55 

17 



22 

16 



168 

do. 

71 

20 



34 

17 



173 

do. 

67 

17 



35 

15 



174 


90 

15 



46 

29 



181 

do. 

58 

20 



2t> 

12 



185 

do. 

55 

17 



22 

16 



187 

do. 

49 

12 



25 

12 



192 

do. 

69 

14 ' 



42 

IS 



201 

do. 

80 

17 



44 

19 



203 

do. 

55 

8 




15 



207 

do. 

59 ■ 

21 



27 

11 



213 

do. 

48 

13 



22 

... 13 



221 

do- 

86 

29 




22 



235 

do. 

66 

23 



m .. 

13 



236 

do. 

SO 

3 



17 

10 



240 

do. 

57 

16 



2r> 

16 



96 

do. 

27 

H 



V ■ 

? 



146 

do. 

44 

11 



V 




172 

do. 

36 

8 




, y 



208 

do. 

32 

7 



V ■ 

... ? 



216 

do. 

60 

16 



■ ? 

y 



231. 

do. 

54 

18 



v 




245 

do. 

55 

14 



V ... 

... '! 




Tot A I. 

2,017 

516 



1,007 

494 




(Omitting nos. 96, 146, 172, 208, 216, 231, 245) 


Expectation 

2fl17 



1009-5 


:>04-2 



7 

Tips 

25 





4 

15 

6 

36 

do. 

57 





12 

:;58 

12 

41 

Beardless 

18 





4 

7 

7 

53 

Tips 

56 





13 

31 

12 

62 

do. 

29 






14 

10 

63 

do. 

. 45 





9 

24 

12 

72 

do. 

33 





9 

17 

7 

88 

do. 

58 





12 

35 

n 

.105 

Beardless 

79 





16 

43 

20 

109 

O’ips 

62 





13 

36 

13 

125 

do. 

45 





10 

21 

14 

127 

do. 

31 





8 

18 

5 

128 

Beard ]e.SH 

29 





4 

20 

5 

136 

Tips 

49 





10 

24 

15 

145 

Beardless 

63 





14 

28 

21 

151 

0?ip.s 

42 





8 

24 

10 

157 

do. 

67 





12 

37 

IS 

169 

do. 

* 45 





11 

21 

13 

178 

do. 

25 





6 

13 

6 

199 

do. 

42 





11 

20 

11 

209 

do. 

63 

" ' t 




26 

25 

12 

224 

Beard Ses.s 

22 





9 : 

11 

2 

227 

1’ips 

22 





6 

10 

6 

2351 

do. 

51 





■ 14 

24 

13 


Totai, 

1,058 





246 

551 

261 


Expectation 

-l/hlS 





204-5 


204-5 



The F-i f/eneration of a rmss belween a j 


Plant no. 
in Fo, 

Bearding in 

F« , 

Mo, of pt.anta 
in Fs 

Fully 

bsarded 

Minute tips 
BbTt 

Half 

bearded 

1912 



BB TT 

BBTt 

1 

Intennediate 

61 

16 


30 

:: t) 


51 

10 


28 


do. 

’ 74 

20 


34 

28 


6H 

20 


32 

:n 


24 

4 


13 

33 

do. 

56 

13 


30 

38 


58 

15 


29 

47 


59 

10 


36 

48 

do. 

75 

15 


42 


do. 

24 

7 


15 

58 

do. 

91 

31 


4.3 

64 

do. 

59 

15 


27 

65 

do. 

64 

19 


.30 

66 

do. 

75 

15 


42 

67 

do. 

62 

14 


33 

69 

75 

do. 

46 

13 


27 

do. 

59 

13 


29 

78 

do. 

70 

15 


37 

89 

do. 

57 

18 


27 

95 

do. 

58 

15 


28 

100 

do. 

53 

13 


25 

129 

do. 

69 

18 


.31 

154 

do. 

48 

11 


25 

176 

do. 

69 

13 


.37 

180 

do. 

65 

17 


34 

183 

do. 

74 

19 


39 

188 

do. 

36 

6 

... 

20 

218 

do. 

06 

27 


26 

219 

do. 

72 

20 


36 

220 

do* 

■ 60 

18 


.30 

225 

do. 

69 

20 


.34 

229 

do. 

61 

11 


25 


Total 

1,934 

491 


974 


Expeota/ion 

1,934 

484’5 


m 

19 

Tips 

3! 




29 

do. 

52 




50 

do. 

78 




77 

do. 

33 




79 

do. 

64 




82 : 

do. 

.36 




92 

do. 

86 




97 

do. 

52 




, 98 

do. 

39 




104 

do. 

49 




117 

do. 

44 




123 

do. 

37 




140 

do. 

68 




163 

do. 

59 




164 

do. 

.36 




166 

do. 

46 




196 

do. 

45 




211 

do. 

53 




215 

do. 

.39 




223 

do. 

49 




238 

do. 

62 




243 

do. 

53 





Total 

1,111 





Expectation 

1,111 





E vn. 




Table IX. ' ' ' 

The F4, ge/imatim% of a Gross between a fully bearded and a quite heaviUss p'latiL 

Bb&bdihg in this Wt (Jknbkation, 1914 


Plant no. in 
Pa, 1913 

' 12{l-~l 

2 

3 
13 
: 19 

ileaniing in 
P 3 

BeanlleaH 

do. 

do. 

do, 

do. 

No, of plants 
in F 4 

S9 

69 

74 

75 

74 

Fully hoarded 
BBTT 

Minute tips 
BbTb 

Half bearded 
BBTt 

Nearly bearded 
BbTT 

Lons' tips 
BBbt 

Minute tips 
, Bbtt 

Short tips 
bb'!T 

Minute tips 
bbTt 

Beardless 

bbtt 

' 88 

69 

74 

75 

74 


Total 

381 

... 

... 

... 


... 




381 


Expectation 

381 









:i8J 

122 - 1 ;» 

Beardless 

57 









57 ■ 

28 

do. 

77 



... 

... 

... 




11 

34 

do. 

72 



... 






72 

35 

do. 

94 



... 

... 





m 

29 

do. 

86 



... 

... 





86 

60 

do. 

95 



... 

... 





m 


Total 

481 

... 

... 

... 

... 





481 


Expectation 

481 









, 

209-29 

bbTT 

81 







81 



41 

do. 

88 







88 



66 

do. 

as 





... 


58 



9 

bbTt 

89 







27 

4! 

21 

82 

do. 

68 

■ 



... 



21 

28 

18 

53 

do. 

43 




... 



12 

18 

I3 

43 

bbtt 

79 









79 

47 

do. 

.70 









70 

49 

do. 

61 




, •” 





61 

106-2 

bbTT 

90 







90 



5 

do. 

85 







85 



12 

do. 

91 







■ 91 



42 

do. 

74 







74 



44 

do. 

76 







76 



47 

do. 

79 

, . ^ ■ 


. 




,79 



171-1 

bbTT 

79 







71) 



4 

do. 

64 







64 



12 

do. 

77 







77 



13 

do. 

77 







7? 

... 


33 

do. 

91 







9! 



53 

do. 

77 







77 



222—6 

bbTT 

71 







71 



8 

do. 

58 







68 



14 

do. 

60 

.V. 


... 

... 



60 






Table X. 


The Fi fjdiieraMon of a crosfi between a fully bearded and a quite beardless 'plant- 

Bearding IN THE F4 Generation, 1914 


i;’,, 1913 


Briiirding in 


I’lilly boanlod Minute tipn Half bearded Nearly bearded 
BBTT BbTt BBTt BbTT 



BBtt 

48 

, ... , . 


48 

14 

< 10 , 

til 



61 

■21 

<to. 

59 

■■■ 


.59 

38 

Btait 

51 

... 

... 

11 

53 

do. 

48 



11 

. 54 

do. 

71 

... 


22 

*24 

44 

bbtt 

do. 

71 

6(1 

Two stray plants 

po.ssibly natural cros.se.s 

... 

14-27 

BBtt 

93 


... 

93 

3*2 

do. 

97 

... ••• 


97 

34 

do. 

9.5 

... 


95 

53 . 

do. 

86 

... 


86 

15-23 

BBfct 

68 

... 


68 

51 

do. 

73 

.... 


73 

55 

do. 

60 

: '•••■■ 


60 

93-18 

BBtt 

86 



S6 

‘29 

do. 

89 

... 


89 

34 

do. 

82 



82 

. 42 

do. 

5^2 



52 

191 — 4 

BBtt 

84 

... 


• 84 

20 

do. 

116 



116 

31 

do. 

53 



.53 

33 

do. ^ 

9-2 



92 

.,:34 

do. 

97 

... 


97 

•231 — 2 

BBtt 

50 



50 

14 

do. 

59 


... 

59 

18 

do. 

65 

... 

... 

65 

■24 

do. 

37 



37 

85—44 

BBTT 

59 

59 



51 

do. 

57 

57 



53 

do. 

86 

86 



SO 

BBTt : 

80 

26 

36 

IS 

36 

do. 

81 

16 

47 

IS 

, 55 ■ 

do. 

iOO 

*26 

41 

3.3 

■20 

BBtt 

72 

... 


7’2 



Table XI. 


Plant 11, 
ill F;|, 
1918 


The Fi (jewmtion of a croos beUveen a fully hemded mid a qmte hem'dleef^ plaui. 

BBAKDIISCJ IN THE generation, 1914 

” nknS'inF, ^illyb^rdedTlhi^^ Long tips Minute tips tips Minute tips BearrllosF 

piantenii, BbTt BBTt ufe BBtt Bbtt bbTT bblt bbtt 


l2(5~"-9 

BBTT 

SO 

80 

12 

do. 

86 

86 

16 

do. 

8,5 

' 86 

5 

BbTT 

62 

15 

li 

do. 

97 

21 

19 

do. 

112 

31 

1 

bbTT 

■v 


14 

do. 

104 

... 

27 

do. 

64 


208—20 

BBTT 

60 

00 

21 

do. 

70 

70 

23 

do. 

82 

82 

14 

BbTT 

82 

22 

22 

do. 

92 

16 

25 

do. 

72 

13 

1 

do. 

94 

25 

12 

do. 

69 

15 

9 

bbTT 

61 


16 

do. 

63 


181—1 

BBTT 

35 

35 

IS 

do. 

25 

25 

36 

do. 

82 

82 

51 

do. 

75 

75 

6 

BbTT 

54 

14 

31 

do. 

70 

19 

41 

do. 

62 

20 

28 

bbTT 

62 


30 

do. 

64 


48 — 39 

BBTT 

47 

47 

64 

do. 

75 

75 

88 

do. 

41 

41 

21 

BBTt 

70 

19 

77 

do. 

68 

14 

12 

BBtt 

68 


37 

do. 

0.3 


31 

do. 

68 


84-25 

BBTT 

48 

48 

44 

do. 

58 

58 

57 

do. 

97 

97 

22 

BBTt 

94 

27 

S3 

do. 

75 

22 

56 

do. 

9,5 

24 

19 

BBtt 

41 


43 

do. 

43 


176-11 

BBTT . 

80 

80 

39 

do. 

58 

,58 

10 

BBTfc 

66 

15 

19 

do. 

64 

15 

54 

do, 

38 

19 

■ 18 

BBtt 

57 


M 

do. 

59 


38 

do. 

66 




15 

21 

IS 



42 

53 


40 



:i8 

23 

19 

21 

IS 

61 

63 


27 

31 

24 


13 

20 

18 



15 

20 

68 


68 



53 

37 


46 


14 

16 

25 

41 

43 


30 

38 

13 


21 

11 

13 




oral plants woL'o described as fully be<arded in the Fo. Of these, one. was 
not soil'll, sixteen bred true and gave only fiilh^ bearded plants while onoi 
split from fidiy bearded to tips. Among the 196 intermediate cultures with, 
boards (ff. ^'arious lengths, only one gave results which were not exjiected. 
'Idiis was composed entirely of beardless jilants, thereby proving that it had 
not btien accurately described at liaivost time. 

The actual results of the examination of th(‘ .hg, cuinpai-ed witb the tli{?o- 
roiical numbers relating to the whole 247 hb plants, arc set out in Table 
VMil. The disci'opiuici^.'s are due to the fact that seventeen plants were lud 
grown, one fully bearded and sixteen tipped. 

Table Vlli. 

Sinnumt'i/ of flic F-] ticueradofi, of a cross leliveioi a fiflli/ hcanled and 
quite heardless plant. 

BUTT Bb'I’l; DbTT BBTt DBtt Bbtt bbTT bbTfc bblt 

Actual . 1(1 54 4(1 33 15 ‘22 13 24 13 

TheordiaU /.7‘5 lU'i! .ID'S drs ]:,•>, .tod ic'i .tOd 

'riu', varituis stages in bearding between the fully awned and beardless 
<'ondition wdtli tlio excej)tiou of plants li.ko the ’Fi wdn'ch are shown, in Plate. 
11 are illustrated in Plate ID, On the left hand side, the stages betivoen 
fully bearded and long tips and between loiigtijxs and beardless are repre.sent- 
ed. OiTthe right., the cojTes|)ondiiig stages between lioardod and beardless, 
ill wl.uoh the shoj't tipped factor is concerned, ai-e shown. TJie gametic 
constitution of each form is given on Plate 111, 

The results of the third generation w^crc conlinued by tlie behaviour of 
selected plants carried to the Fj. The long tips and short tip.s bred true us well 
as the laau'ded and. beaj’dless plants. 4'he detailed ivsults of this generation 
are set out iu Tables iX. to XI opposite, 

'I’iic isohitiun of the tw'o factors, which together produce the fully bearded 
charaefer in wlieats like Pusa 22. was FolloW'ed by the dctectioji of similar 
forms among i lie coUectio]! of varieties at Pusa. Several wheats with short 
awns brc.cdijig f t ue had already I'eon n(.tticed and these \verc jiow carefully 
• ‘xaniiijcd. Pusa. 6 a|)pea,red to carry tlui long tipjjcd factor while Pusa 7 
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It was iboii <leci(lo(l to rficoniLiiio sliori- aiwl tips wliicli iuul 
bficti isolated from tlic F.i. ul’llie cross F X A 88 ai\d alst' to cross Piisa (> 
a,ud Tiisa. 7. We sliould expect, iii both cas<‘,s, to obtain siiuiiar results iu 
the Fo nauioly, piauts witli minute tips represciduHl by the fos'iiutla .Bbl’t. 
In tlio Fa, a series w'ould he expected from fully bearded 1u beardless with 
beaialed t<> beardless in the ratio of 15 : 1. 

In tlie recoiiibinatiou of the bearding factors of F 2'2, the long tip))ed 
}»aront was nunibered 2 hi-21 while the short tips wei’c obtained [roni '120-27 
(Plate IV). 'The cross was made in February 101-1. at Fusa. and the seeds 
were at once despatched to the new FxperimenI,- Elation a.t Quetta where, 
they Avere spring s<nvn. The F] piant.s ri'|)enod in -lune t a.nd llie seeds 
for the 1A» were. so^Yn at Pusa the following October. In (his way, a. year was 
saved. The Fi plants were almost beardless while (he. Fg ranged from beard- 
less to fully bearded. Fifty-j'.ine plants were obtained of wdiich four were, 
beardless and four fully bearded. All stages in bearding vert^ represented 
in the remainder. 

in the case of the cross P Ox P 7 the same procedure was atlopted and 
the results obtained were siniilar. The was almost, beardless while in tln^ 
F^, fully bearded, beardless and all stages of int.e.i mediates occm'i’<H!. Tw’o 
hmidred and seven Fa plants wore raised of w'liich 15 wore', fully bearded 
and 11 beardless. Tlie combined results arc set out iu Table XI 1. 


The F> tjencMlioR hcliveoi, loibij Iqjfi and i>horl (rpii, 

Bearded Iiitoraiodiatoa Bcardlos.s 


Expectation .0 j-y 

Pusa 6 Pusa 7 ‘iO? 15 LSI 11 17‘Sl : 1 

Expectation 13 il 

The results obtained in crossing long tips and shoit tii»s and the prudiie- 
tioi) of fully bearded plants in the Fo breeding true, would explain the earTn'r 
observations of Rimpuu and Bpielmaim on this point. If the tipjied forms 
are regarded us beardless, a natural conclusion some years ago, it would In' 
easy to get bearded forms in the. second generation and so obtain quite 
unexpectedly an entirely new obaracter. 

Iwo other (.^ases of a cross betaveen a bearded and qu'te beardless parent 
were investigated. When runjab Type 9, a bearded wheat, was crossed wi( li 
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Pusa ‘I, ail entirely beirrcUess form, 6i.O plants were examined in tlie Fo. Oi: 
these, 89 were beardless and the remain lug 571 were awned to varying 
dt'g.reos ranging from fully bearded to minute tips. The ratio bearded to beard- 
IcSkS Avas therefore l td) ; 1 indicating the existence of tw'o factors in the beirrded 
parent. Similar results were obtained in the hh between BXi 77, a fully 
bearded form, and Fusal. Among 576 1^2 plants, 43 were cjuite beardles.s, 
tile remaining 53:; carrying awns of various kinds irom fully bearded to small 
tips. These. rum })ers give a ratio of bearded to beardlcs.s of J3'4 : 1. 

The. isolation of the two constituents of the fully bearded character may' 
prove of some jiractical value in India where there is, among the people in 
certain localities, a jtreference for awned wdreats. The ryots consider that 
hoarded wheats hold their grain better than beardless wheats and are also 
damaged by birds and wild pigs to a lesser extent. The disadvantages of awns, 
howevei', are considerable, paiticularly when it is desired to grow heavy crops. 
The greater r<?siBtunce offered to the wind and the increased Aveight of the ear 
(eausedby the deposition of deAv and rain water among the awms) render 
bearded wheats very liable to lodge and so bring about a much greater loss of 
crop than is ever caused by birds, animals, or by the shedding of grain. By 
tlie selection of suitable types AAuth short or long tips, it might be possible to 
meet the prejudices of the people while avoiding the main disadvantages of 
long aAvns. 

Dining these experiments, it aauis observed that the development of the 
bearded or beardless character avus not always uniform. If all the ears of a 
plant arc examined, it is found that there is a considerable range in A^ariatioii. 
In the case of cultures breeding true to long or short tips, this is particularly the 
case. The first formed and largest ears have the longest aAviis Avh ile those Avhich 
are produced later have almost no awns. This point is illustrated in Plates VI 
andVIl,inAvhichallthe ears of a long and short tipped plant are sIioamj,. In 
both cases, one oi.- more of the ears are almost beardless. In like mamier, there 
arc similar dillereiicos between the average amount of bearding among the long 
and short tipped cultures taken ns a whole. In some, the character is more, 
developed thaai in others. This appears to be largely a matter of vigour. Well- 
grown cultures deA'elop tips normally and there is no difficulty in deciding 
Avlicther the tips are long or short. In Aveaker ciiltu.vcs (and in the last formed 
cars of any particular plant) the tips do not groAV Avell and care is necessary to 
distinguish their nature. A similar state of things Avas observed in the beard- 
less parent itself. The first formed and strongest ears of any iiarticular plant 
shoAv A'cry minute tips while in the last formed these are absent (Plate VIll), 
iSuch Amriatioiis as these between the cars of ih single ]3lanb arc being 
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cunstautly <)'bs(3rv(id. Tlxey sliow Jiow necessa-iy it is in plant-brooding work 
i-liat tho crop slxould ])e grown to perfection so tliat each cluii'acter attains 
its fullest expression. 

Tn tlie. actual condact of the breeding work, two points of some impoitaw-e 
wej'e encountered whicli deserve mention. Observations on bearding are 
best made wlien tlie cars are still green and just before? tin.' chail b(?gins to 
ebange in colour. If a well developed ear is takeu .from eaob ]»lant. at tin's 
stage, tlie analysis of eacb culture can be ,mad<' at oxiec and the woi'lc (-ojupletcd 
before tlie ears ripen after wliicli tlie d.aiiger of damage to the avens by liigli 
winds is considorable. The second point is eoncterned with tie? raising of 
complete cultures fro.m any particular plant. Bown in the grmiiul tlieia? is 
often a cojisiderable loss of xilants after sowing time caused b}- .liigb t('inj)(‘i‘a,- 
turCvS. If suck cultures, even when the grain is shrivelled, ari? first sow.ii in 
boxes and then transidanfced into the field in early Novemkter, no loss takes 
place. Plants raised in this inamier are always healthier and !ietl;er develojied 
than those sovni direct in the ordinary way. 

^ ; 11. Felted AND Smooth Chaff. 

Ill the ]ii‘evioiis x^ajjer, a detailed account was given of the inberitance of 
the felted character where two factors w^'ere involved. SoA-oral cases of simph' 
felting were also described. \¥hen the xiure liiie, Imown as Punjab Typ<' U, a- 
form with densely felted chaff, was crossed with a wheat with smooth elialT. 
aftci’ an, intermediate Fj, a series of forms from densely felted, wheats, like the 
Xtaroiit. to smooth was obtained in the second generation ; the ratio felted, to 
smooth being I5‘2 : 1. An examination of the chaff of Punjab Type, b iimler 
the microscope shmved that two kinds of hairs 1x01*0 present- -long silky liaii's 
and much sliortei* ones. An analysis of tlie F3 and subsequentl}'' of the hb 
generation resulted in the isolation of these two kinds of hai.i's and in tlu? 
|)roof that each kind is inherited separately. 

Among the crosses, felted by smooth, examined, two were of some interest, 
in the felted xiarents, o.uiy one class of short hairs was disf ingiiished under 
the mi.cr()sco[)c and in both cases the ; 1 ratio was obtained in tlie lib. The 
felted parents in these crosses ivere pure lines selected from coimuou wiieats 
and are described in the records as BXI 77 and j’usa 4. it ni)])cared, from 
direct examination, that the hairs on botli these wlieats might be (liiferenf. 
and accordingly they have been crossed together and also with Pimjab Tyjie, 
9. if the felting factors in BXI 77 and Pusa 4 arc diffei'cut, a c.ross beLwefui 
tlicso would give smooth progeny in the Fo. if they are differeut from Ihe 
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ri’hort, factor in Punjab Type V), tlio ratio Mtccl to sniootli in tho woiil.l 
be (>:] : L 

I'o invcKtifjfate this mti.ttei‘ tlie following crosses were made in lOFI : — 

1. !bi,sa I, X BXI 77. 

2. Punjab Type 9 Piisa 4, 

3. Punjab 'rype 9 X BXT 77. 

Piisa 4 X BXI 77. In tlio Fi, the felting ai>peai’eil ratlier (bnser lhan 
ihat of e.ltlier ]>uroiit but, as tbe plants werepaTticularly well-growii. flic eifecl 
might be due to ihe full t^xproBsion of the felted character. 'Iho seed of five 
of th(‘ F| plants wn.s giwn in, 1914- a,nd the progeny was examined in .-Vpril 
last. Ihe. results are given, in Ta.blo XTTI, 


Table XIIT 


The Fi f/emyyal'fon of a cross helfreeii. ‘parcnls wilh simple J'cJluoj. 

Total no, of [ilanis Pelted Smooth 


(1) 

P.) 

cb 

( 4 ) 

( 5 ) 


254 

305 

256 


i;n 

271 

254 

305 

256 


1,220 


The degree of felting in these 1220 .F 2 plants was uniform and only one 
class of hairs was present. The results prove that the felting factors iu the 
parents P 4 and .BXI 77 are really identical. When examined in. previous 
years, the hairs of these wheats seemed differeut. There are two reasons for 
.this apparent difference. In the fii'st place, P 4 is beardless and BXI 77 is 
bearded. The presence of the beards protects the chaff from rubbing and 
from loss of hairs due io this cause. In the second place, the development 
of the hairs depends on the season and the healthiness of the plant. On vigor- 
ous plants, the liairs aiipear longer and stronger than, on weak iu^li^nduals. 

Punjab Type 9 X Piisa 4. In this case, the former parent carries two 
felting facdors, the latter only one. The object of the cross was to determine 
whether or not the shoj-t factor of Punjab Type 9 is different from tlie simple 
hairs of Pusa 4, If they are different, three factors wmuld be involved and 
file ratio felted; smooth in the F 2 would be 63 : 1. The Fi plants were 
exceedingly well developed and the felting was veiy dense, uiacli denser than, 
in the case of Pusa 4 or BXI 77. In the F 2 , no smooth individuals wctb obtained 
and the felting was not uniform. Five Fi plants w'cre gromr for the Fo ami 
faom these 1,386 individuals were obtained. All were felted and not a single 
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Mnooth i*l<iiit. MR 1 .S oUaiiioil. TKo Mtin" in two of tUo live-, oullinvs wus now 
oxuiiiinoA ill Miul The plants with leitin" like k 1 Wi-re jiiekod out by oyi- 

and these were coutirmM by comparing their cha IT with ilia! ol P 1 uinb-r ilie 

inicrasco])G. The results are given in. Table XIV 
TAnJ/E XIV. 

T/ic Fo (mmaiion ofn hdweev r-omph’r mul ftimph fdlcd pamils. 

WinU'li^ folUiip' (’omplex 


PtnijiA) Typo 9 


Piisa 4 (1) 
(15) 


Totai. 

KX/yfftafr’li 


The results indicate that the short laotor in Punjab ry]io 1) is identical 
'with that present in Tnsa d. There is some divergenci' Ironi the theoretical 
but this was due to the material. In 1015, many ol the. cultures at Pusa 
including this eros.s were badly damaged liy laist and bad weather Imforc 
b,a,rvcst. 

Punjab Type 9 x BXI 77. As in the previous case, the .I'oriiK-r parent 
has densely felted ohalT. in vdiich two factors are involved while, in the second 
parent, the felting is simple. The Th generation was not very robust and to 
the eye the felting appeared less dense than in the case of the Fi of T’nnjab 
Type 0 X P I. Five F] plauls Avere grown on for tlie F^ Avhich produc.er] 1,110 
individuals all felted to varying degrees. No smooth ]dauls were obtained. 
.Tn tAvo cultures, the felting Avas examined in detail and aaxis found to range 
between that of t.lie pai-ents. The plants Avitli felting like that of 11X1 77 were 
picked out by eye and the diagnosis confirmed by examining the cliafT niKhu' 
the microscope. The results are giATn in Table XV. 


Table XV. 

The Fo f/ericralion hrlivem oomplru' tmd .sirnple frhrd porruls. 


riinjab Type 9 J’.XT I 


Total 

t!ispet!iation 


Totfil no, of 

Simjilf 

< 'oniplti.' 

plants 

I'eltiiH; 

Mtin..' 

2(i0 

r.i 

•Jfti) 

' , :274 ■■ 

SI 

193 

534 

132 

UVo 

402 

4U(i-a 
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I’lio results of tlie above, three crosses prove that tlie felting in Piisa i is 
identical witli that in BXI 77 and that the felting in both these cases is iden- 
tical with the short factor in Punjab Type 9. Prom the economic point of 
view, this latter result was somewhat of a disappointment, as it was hoped to 
obtain some smooth individuals from this cross which might have proved of 
value. Felted chah is a disadvantage in the moister wheat growing areas of 
India as the hairs condense dew and so add to the weight of the ear and increase 
the tendency to lodge. Further, the moisture tends to increase rust and. 
other fungi on the chaff. There has been a natural elimination of felted wheats 
in Bihar and it is somewhat rare to find hairy chaff in the damper regions of 
the plains. In drier tracts like the Punjab, Central Provinces, Bombay and 
Baluchistan, on the other hand, felted chaff is much commoner. 


Quetta, 
July 23, 1915. 
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Water, Magnesium Oarbouato, and Oarbonii; Acid, (F.) 
Water, Calcium Carbonate, Magnesium Carbonate and Carbonir 
Acul, by J. Walwjr Lbatheb, Ph.D., p.i.c. ; and Jatindra Kath Sen 
m.a. Price, Be. 1 or Is. 6fi!. 

Studies of an Acid Soil in Assam, by A. A. Meggiit, b.sc. Price, 
Be, 1-8 or 2s. 6d. 

The Gases of Swamp Bice Soils, Part II. Tbeir utilization for the 
Aeration of the Roots of the Crop, by W. H. HAiiwsoir, -M.sc.; ami P. A, 
bUBKAMANiA AiYEB, B.A. Price, Re. 1 or Is. 6d. 

SoilTemperatures, by J. Walter Leader, T.D.,iM.c. Price, R.s, 2 or 

3s. ’ 


ENTOMOLOGICAL SERIES. 

Tlie Bombay Locust— -A Report on the investigations of 1903-04, by H. 

M. Lepboy, m.a., P.K.S., P.z.S. Price, Rs. 2-8, 

The more Important Insects injurious to Indian Agriculture, by H, 
M. Lefroy, m. a., P.E.S., P.z.S. Price, Rs. 3. (Oui of print.) 

The Indian Surface Caterpillars of the Genus Agrotis, by H. M. Lbfkoy, 
M.A., F.E.s., P.z.S. ; and C. 0. Ghosh, b.a. Price, lie. 1-8. [Oui of print.) 
Individual and Seasonal Variations in Helopeltis theivora, Waterhouse, 
with description of anew species of Helopeltis, by Harold H. Mann, 
D.sc. Price, Re. 1-8. 

The Ooeddcs attacking the Tea Plant in India and Ceylon, by B. E. Greek. 

P.E.S., P.Z.S. ; and Harold H. Mann, d.sc. Price, Re. 1. (Out of print.) 
The Mustard Sawfly, by H. M. Lefroy, m.a., p.e.s., f.z.s, ; and 0. C. 

Ghosh, B.A. Price, Re, 1. [Out of print.) 

The Rice Bug, by H. M. Lefroy, M.A., F.E.S., F.z.s. Price, Re. 1. 

Remarks on Indian Scale Insects [Goccidoe), Part III, by B. E. Green, 
P.E.S., F.z.s. Price, Re. 1-8. 

The Red Cotton Bug, by H. M. Lefroy, m.a., f.e.s., f.z.s. Price, Re. 1. 
[Out of print.) 

The Castor Serai-Looper, by H. M. Lefroy, M.a., f.e.s,, f.z.s. Price, lls. 2. 
[Out of print-) 

The Tobacco Caterpillar, byH, M. Lefroy, m.a., f.e.s., f.z.s. Price, Re. 1-S. 
[Out of print.) 

The Cotton Leaf-Roller, by H, M. Lefroy, m.a., f.e.s., f.z.s. Price, Re. 1-Si 
[Out of print.) 

Notes on Indian Scale Insects (Ooecidco), by H. Maxwell-Lefrov, M.A., 
F.E.S., F.Z.S, Price, Re. 1-8. [Out of print.) 

Life-Histories of Indian Insects— I. [Goleoptera), by H. Maxwell- Lefroy, 
M.A., F.E.S,, F.z.s. Price, Rs. 2. 

Life-Histories of Indian Insects— II. Some Aquatic Mhynohoia and 
Goleoptera, by D. Nowrojeb, b.a. Price, Re. 1-8. 

Life-Histories of Indian Insects — III. The Rhinoceros Beetle [Orycies 
rhinoceros) and the Rod or Palm Weevil [RhynchophoriCs ferrugirmts), 
by 0. 0. Ghosh, b.a. Price, Rs. 2. 

The Pood of Birds in India, by 0* W. Mason, m.S.k.a.c,, edited by H. 

Maxwell-Lefroy, m.a., f.e.s., f.z.s. Price, Rs. 7-8, 

Eri Silk, by H. Maxwell- Lefroy, m.a., f.e.s., f.z.s., and C. C. Ghosh, 
b.a. Price, Rs. 3. 

TetrigiuiB [Acridiinai) in the Agricultural Research Institute, Pusa, IBhar, 
with descriptions of new species, by J. L. Hancock, f.e.s. Price, Re. 1. 
The Big Brown Cricket [Brachytrypes achatimis, Stoll), by C. 0. Ghosh, 
B.A. Price, Re. 1. 

LifQ-Hi.storie.s of Indian Insects— IV . (Hymenoptera), by G. R. Dctt, 
B.A. Price, lls. 2. 

Iiuiniry into the Insecticidal Action of some Mineral and other Compounds 
on Oaterpillar.s, by H. Maxwell- Lbproy, M.a., f.e.s., f.z.s.; and 11. S. 
Fiklow, B.sc. Price, Re. 1-8. [Out of print.) 

The “ Psylla” disease of Indigo, by A. J. GROVE, M.SC. ; and 0. C. 
Gjiosh, b.a. Price, Re. 1-8 or 2 s. 6rf. 

Life-Histories of Indian Insects — V. [Lepidoptera), by C- C. Gho.sh, b.a. 
Price, Rs. 2-8 or 3s. M. 


BACTERIOLOGICAL SERIES, 

VoL I, No. I. Studies in Bacteriological Analysis of Indian Soils, No, 1, 1910-11, by 

C. M. Huxchinson, BiA. Price, 118. 2.8. 

Vol. I, No. n. llangpur Tobacco Wilt, by C. M. Hutchinson, is.A. Price, Ks. 2. 

Vol. I, No. III. A New Nitrite-forming Organism, by N- V. Josui, (5.A., li.se., l..Ag. 

Price, Ke. 1 or Is. 6d. 

Vol. I, No. IV. Azotobacter and Nitrogen Fixation in Indian Soils, by J. H. W/U/i'oN, 

B.A,, B.SC. Price, He. 1 or Is, 6d. 

Vol. I, No, V. Bacterial Eot of Stored Potato Ttibens. by 0. M. Hutchinson ami 

N. V. Josai, B.A., B.sc.i L.Ag. Price, B0. 1 or 1.9. l)d. 

Vol. I, No. VI. Bdkhar: The Indian Rice Beer Ferment, by 0. M. Hutchinson and 

O. S. Ram Ayyar, I5.A. Price, Re. 1 or 1& Gd. 


VETERINARY SERIES, 

Vol. I, No. 1. Anaphylaxis in the lai’ger Animals, by Major J. B. E. HoIjMKS, H.. sc,, 

M.R.O.V.S. Price, Rs. 2. 

Vol. I, No. II. Salvarsan in the Treatment of Surra in Hoims, Doga and llabhits, by 
Major J, D. E. Holmes, M.A., l).sc., M.R.C.V.S. Price, Re. i -I. 

Vol. I, No. III. Some more Successful Experiments on the Treatment of Surra in the 

Camel with Recommendations for Systematic Treatment, by A. S. IjEIcse, 
M.R.e.v.s. Price, Re. 1. 

Vol. I, No. IV. On the Imnuine Bodies occurring in Anti- Rinderpest Sermvi and on the 
Variations occurring in the Serum Proteins of Animals din ing Rinderpest 
and during Immunization and Hyper-immiinization, by P. Hartley, 

D.Sc. Price, Rs. 2. 

Vol. II) No. I. Some casaesof Surra treated in the Field and in the Laboratory during the 
autumn of 1911, by Major J. 1). E. Holmes, M.A., D.sc,, M.H.o.V.s. 
Price, Re. 1. 

Vol. II, No. If. Rinderpest; Further Investigations on questions connected with the 

Economical Production of Anti-serum, by Major J. D. E. Holmes, M. A., 
D.SC- Price, Re. 1. 

Vol. II, No- nt, The Curative Treatment of Hiomorrliagic SepticBsmia in Cattle liy the 
administration of Iodine and other notes on Chemiotherapy in Rinder- 
pest and Hsemorrhagie Septicaemia, by Major J. D. B. HOLMES, O.l.li., 
M.A., I).sc., M.R.G.v.s. Price, Re. 1 or l.v. (id. 

Vol. II, No- IV. The Vitality of the Hscraorrhagic Septicemia Organism outside the body, 
by Major J. D. B. HOLMES, C.I.E., M-A., U-Sc-, M.R.o.V..'S. Price, 
Re. 1 or Is. 6d. 

Vol. II, No. V. Biirsati, by Major J. D. E. Holmes, c.i.e., m.a„ u.sc., m.r.o.v.s. Price, 

Re. 1-8 or 2s. 3d. 

Vol. II, No, VI. Experiments on the treatment of Surra in Camels, by H.B. Cuo.ss, 

D.V.H., A.so, Price, Re. 1 or Is. 6d. 

Vol. II, No. VII. Anthrax-some experiments on the Immunizing Eifect of the Simultaneou.s 
Injection of an Anthrax attenuated virus and an Anthrax Anti*.serHm, 
by Major J. D. E. Holmes, o.i.e., m.a., d-sc., m r.g.v.s. IMee, Ee. 1 
oris. 6d. 


BULLETINS ISSUED BY THE AGRICULTURAL RESEARCH INSTITUTE, 
PUSA. 

No. 1. Notes on Cotton in Bihar in 1904, by H. M. Leeroy, M.A., if.E.S,, r.K..s. Price, A.s. t 
or 6d. 

No. 2. An Outbreak of Cotton Pests in the Punjab, 1905, by H. M. IjEEUOY, m. a,, e.k.s., 

E.z.s. Price, As. 6 or 7d. 

No. 3. The Extension of Jute Cultivation in India, by R. S. Finlow, b.Sc. Price, As. 12 
or Is. 2d. {Out of -print.) 

No, 4. First Report on the Fruit Experiments at Pusa, by A. Howahd, m.a., a.k.c.s,,. 

E. L.S. Price, As. 6 or 6d. 

No. 5, Report on Trials of the South African Locust Fungus in India, by E. J. Butler 
M.B., E.L.S. ; and H. M. Lefbov, M.A., E’.K.S,, F.Z.S. Price, As. 2 or 3d. 

No. 6. The Ticks Infesting Domesticated Animals in India, by C. Waubuhton, m.a. 
Price, As. 4 or 6d. {Out of print.) 

No. 7. A Preliminary Account of the Biting Flies of India, by H, M. Lefroy, m.a., f.e.s.. 

F. z.s. Price, Re. 1 or Is. 6d. {Out of print.) 



BULLETINS ISSUED BY THE AGRICULTURAL RESEARCH INSTITUTE, 

PUS A — mnid. 

8. Official anil Recommended Methods for iiae in Chemical Laboratories of the Depart- 
mniits of Af'ricnltiire in India, by J. Walter Leather, vh.l>., P.i.r*. Fri(?o, As. 4 
or 6d, 

-No. 9. Repoit on Coconut Palm Disease in Travaneore, by E, 3. Butler, m.e., f.l..s. 
Price, As. 6 or 6d. {Out of print.) 

No. 10. Treatment and Observation of Crop Pests on the Pusa Farm, by H. M. Lefroy, m.a., 
KE.S., P.Z.S.I and 0. S. MisPvA, B.A. Fvice, As. Q or 74. {Out of pj'iiit ) 

.No. 11, On Flax Dodder, by A. Howard, M.A,, a.s.o.s., f.l.s. Price, As. 4 or 6d. {Oh/ 
of print.) 

No. 1:1, The Making and Care of Lawns in India, by A. Howard, m.a., a.r.c.s., f.l.s. 
Price, As. 4 or 6d. {Out of print.) 

No. 13. Sugarcane at the Partabgarh Esperiraental Station, by G, Clarice, p.i.c. ; and Khan 
Bahadur S. M. Hadi, M.r.a.c., m.r.a.s. Price, As. 6 or 6d, 

No. 14. The Milling and Baking Qualities of Indian Wheats, No. 1, by A. Howard, m.a., 
A. R.C.S., P.L.S, ; and Gabrielle L. O. Howard, M.A. Price, A.s. 4 or 

No. 15. Note on the Exten.siou of Cultivation of Fibre Plants in India. Price, As. 6 or Sd. 

No. 16. Second Report on the Fruit Experiments at Pusa by A. Howard, m.a,, a.R.c.s., 
P.L.S. Price, As. 6 or 8d. 

No. 17. The Milling and Baking Qualitie.s of Indian Wheats, No, 2. Some new Pusa selections 
tested in 1909, by A. Howard, m.a., a.».c.s., p.l.s. ; and Gabrielle L. C. 
Howard, m.a. Price, As. 6 or Sri. 

No. 18. Report on the Outbreak of Blister- Blight on Tea in the Darjeeling District iu 1908-09, 
by W, McRae, m.a., b.sc. Price, Re. 1 or Is. 6d. 

No, 19, List of Names used in India for Common Insects, compiled in the Laboratory of the 
Imperial Entomologist, Pusa. Price, As. 12 or Is, 2fi, 

No. 20. Memorandum on Indian Wheat for the British Market, by Sir James Wilson, k.C.S.i. 
Price, As. 4 or 6d. 

No, 21. Memorauclum regarding Leading Eucalypts suitable for India, by F. Booth- 
Tucker. Price, As. 4 or 5d. {Out of print.) 

No. 22. The Milling and Baking Qualities of Indian Wheats, No. 3. Some new Pusa Hybrids 
tested iu 1910, by A. Howard, m.a., a.r.c.s., p.l.s. ; and Gabrielle L. G. Howard, 
M.A. Price, As. 7 or 8d. 

No. 23, Insecticides— -Mixtures and Recipes for use against Insects in the Field, the Orchard, 
the Garden and the House, by H. M. Leproy, M.a., p.e.s., p.z.s. Second 
Edition. Revised and Enlarged by T. Bainbrigge Fletcher, r.n., P.B.S., P.Z.S. 
Price, As, 12 or 1.9. 2d. 

No. 24. The Indian Saltpetre Industry, by J. Walter Leather, pIld., p.i.c. ; and J. N. 
Mokerji, B.A., B.sc. Price, As. 8 or 9d. 

No. 25, Report on the Flax Experiments conducted at Dooriah during the year 1910-11, by 
E. M. Vandf-KERKHOVE. Price, As. 6 or 7d. 

No. 26. Note on the Present Position of Cotton Investigation iu India, by Bernard 
CoVENTBY, o.i.e. Price, A s. 2 or 3d. 

No. 27. Experiments on the Cultivation of Sugarcane at the Partabgarh Experimental 
Station, 1909—11, by G. Clarke, p.i.c. j H. E. Annett, b.sc. ; and Sybd Zamik 
Hussain, b-a. Price, As. 5or6d. 

No. 28, The Cultivation of Lac in the Plains of India, by 0. S. MiSRA, B.A, (Second Edition.) 
Price, As. 8 or 9d. 

No. 29. Directions for the Cultivation of Eri Silk. {Revised Edition.) Price, As, 3 or 4d. 

No. .30. Report on the Flax Experiments conducted at Dooriah daring tlia year 1911-12, 
by E. M. Vandekerkhovb. Price, As, 1-6 or 2d. 

No. 31. Whe.at Experiments on the Botanical Are.a, Cawnpore, and their bearing on Wheat 
Cultivation in the United Provinces, by H. MaPvXIN Leake, m.a., p.l.s.; and 
Rawpeasad. Price, As. 3 or 4d. 

No. 32. A Note on some interesting results following the internal administration of Arsenic 
in Canker and other diseases of the foot in Horses, by Major J. D. E. Holmes, 
M.A., D.sc., M.R.c.v.s. Price, As. 2 Or 3d. 

No. 33. Some Aspects of the Agrionltnml Development of Bihar, by A. Howard, m.a., a.r.c.s., 
F L.S, Price, A.g. 4 or 5d. 

No. 34. Diseases of Rice, by E. J. Butler, m.b., P.l.s. Price, As. 8 or 9d. 

No, 35. Report on the Flax Experiments conducted at Dooriah during th year 191 -13, 
by E. M. Vandekerkhoy^b. Price, As. 3 or 4d. 




BULLETINS ISSUED BY THE AGRICULTURAL RESEARCH INSTITUTE. 
PUSA — condd. 


No. 30, JJoteon ttie M’Fadjaii Staining Reaction for Antlirax Bacilli, l»y Major ,f. O. K. 

Holmes, M. A,, D.sc., M.11.0.V..S. Price, As. 4 or 5d. 

No. 37. Note-s on Experiments vvith Sugarcane at Sabour, by 0. SOMEUS TA'y.LOli, 

Price, As. 2 or 3d. 

Ho. 3S. Disintegration of Rice Grains by means of Alkali, by P, J. Wauth, m.Sc. ; and i). IT 
Dakabsext, B.sc. Price, As. 6 or 7d. 

No. .39. Instructions for rearing Mulberry Sincworni.s, by M, N. De. Price, As. 4 or 5d. 

No. 40. Green Blanuring Experiment, 1912-13, byC. M. Hutchinson, i;.a. ; and S. BIilligan, 
M.A., B.SC. Price, As. 4 or 5d. 

No. 41. The use of Sweet Jowar {Sorghmn sp.) as a source of Commercial Sugar or as Fodder 
and the variation in Composition of the crop daring growth, by H, E. Annett, 
B.SC., E.i.c. Price, As. 2 or ,3ot. 

No. 42. Notes on Cane Crushing in the United Provinces, by G. Claiikic, f.I.c. ; Nah! 

Hussain and S, 0. Banbk.ibb, assisted by Lak-sumi Shankak. Price, A-s. 2 or 3d. 
No. 43, A. note on the effect of He.at on the Rinderpest Immune Bodie.s, by Major J. 1>. K. 

Holmes, M.A., D.sc., M K.C.V.s. Price, As. 2 or ‘Id. 

No. 44. How to Improve Silk-Reeling in Bengal, by M. N. De. Piahx:, As. dorod. 

No. 45. The Acid Secretion of the Gram Plant, C£c«?r «r/T/mw/n, by D. L. .SA iiA-suAiuntUHH, 
B.SC., L.Ag. Price, As. 2 or 3d. 

No. 46. Bee-Keeping, by C. 0. Ghosh, b.a. Price, As. 14 or Is. 4d, 

No. 47. Notes on Sugar Machinery and Manufacture in Northern India, by PetjiUi Abul. 
Price, As. 5 or 6d. 

No, 48. First Report on the Experiments carried out at Pusa to improve the Mtilhm ry Silk 
Industry, compiled under the direction of the Imperial Entomologist, by M, N, I)is. 
Price, A.s. 6 or 7d. 

No. 49. The Experimental Error in Field trials with Sugarc.ano and the effect on this error 
of various methods of sampling, by H. E. Annett, b.sc., p.HJ. Price, Aw. 3 or 4d. 
No. 50. The Improvement of Tobacco Cultivation in Bihar, by A. Howahh, U.i.e., m. A,; 

and Gabeiblle L. C, Howakd, m.a. Price, As. <1 or 5d. 

No. 51. First Report on the Improvement of Indigo in Bihar, by A, HowahO, (M. e,, ai.a.; 

and'GABWBLLE L. C. HoWAun, M.A. Price, As. 4 or 5d. 

No. 62. Soil Ventilation, by A. Hom’ahd, c.i.e., m.a.; and GAniHELLE L. (T Uowaud, m.a. 
Price, Ah. 3 or 4d. 

No. 53. Soil Erosion and Surface Drainage, by A. Howahd, o.i.e., m.a, Frico, As. 4 or r>d. 
No. 54. Second Report on the Improvement of Indigo in Bibai’, by A. Howahp, 0.1.1?., m.a.; 

and Gabeielle L. 0. Howakd, m.a. Price, As. ‘2 or 3d. 

No. 56 .' The Manufacture of Jaggery in South India, by A. Ciiatteeton, c.i.K. Price, As. 4 
or 5d, 

No. 66. Green-Manimng in India, by A. C. Dobbs, (Jnthe iirm.) 

No, 57, The Detection of Added Water in Milk in India, by J. Walter LEATHKit, F.l.;;, 
{In the press.) 


BOOKS. 


Indian Insect Tests,” by H. M. Lefuoy, m.a., f.e.s., f.z.s. Price, Re. 1-8. (Out of 
print.) 

Indian Insect Life,” by H. M. Lefroy, m.a., f.z.s,, and F. M. H(t\vi,Kt-r 

b.a. 786 pp. Price, Rs. ‘20 or SOs. 


“Wheat in India,” by A. Howaud, m.a., a.k.c.b., f.l.s., and Gabuiei.lk I,. v 
Howard, M.A. 288 pp, Price, Rs, 5 or 7.S. 6d. 

“ A description of the Imperial Bacteriological Laboratory, Muktesar : It,^ Work ami 
Prodiicte, by Major J. D. E. HOLMRS, M.A., D.sc. Price, As. 8 or ltd. 



